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““There’s a hazard 
in buying Alloy Steel’ 





ind here’s how to avoid it! 


You may specify and buy alloy steels for years 
without a slip-up—without getting the wrong 
specification— without a breakdown or accident. 


But many men and machines handle your alloys 
before they come to you. That means many 
chances for error—for a mistake—possibly with 
serious consequences. 


The Ryerson Certified Steel Plan guards against 
the hazards of alloy buying—helps to eliminate 
errors. Here are the steps we take for your pro- 
tection and guidance: 


1. Careful Selection and analysis assures uniform high 
quality. 


2. Spark Testing verifies quality, guards against mixed 
steels. 


3. Color Marking and stamping gives permanent 
identification of type and heat. 


RYERSON STEEL 


JOSEPH T. RYERSON & SON, INC. PLANTS AT: NEW YORK 
CLEVELAND «+ PITTSBURGH + BUFFALO + CHICAGO «+ 


4. Hardenability Tests establish obtainable mechan- 
ical properties. 

5. Pre-Shipping Check-Up matches your steel against 
your order’s specifications. 

6. Heat Treatment Data sent with every shipment 
guides you to safe, sure results without error or 
delay. The Alloy Certificate also verifies your 
steel’s identification and analysis. 


The value of each step has been proven by the 
experience of other alloy users. And all of these 
steps are taken for you at no extra cost. So specify 
and buy Ryerson Certified Alloys. Shipment is 
immediate. 


Let us send you our new booklet “How to 
Specify and Buy Alloy Steel.” 


Large Stocks of Carbon, Alloy and Stainless Steels in 
Most Every Size, Shape and Finish. 





BOSTON «+ PHILADELPHIA + DETROIT + CINCINNATI 
MILWAUKEE «+ ST. LOUIS +« LOS ANGELES + SAN FRANCISCO 
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The Materials Outlook 


Business is still highballing on a clear 
track, despite after-effects of the coal 
stoppage and the continued Chrysler 
strike. . - »« Consumer and industrial 
buying is holding at high levels, and in 
the aggregate, manufacturers have added 
to their backlogs of unfilled orders. ... 
Many of the heavy industries are currently 
ina better position than they were at 

the beginning of the year. .. . Steel, 
copper and zinc, widely-used and there- 
fore useful barometers, are in strong 
demand; and all kinds of business related 
to housing, including building materi- 
als, household appliances, and fixtures 
are under heavy pressure to meet demand. 
. « « Current construction activity and 
contract awards exceed anything ever be- 
fore known at this time of year. ... Thus, 
the closing months of the first half find 
most industrial activity exceptionally 


| well-fortified. . .. Forecasters are even 


cautiously pushing their prognostica- 
tions of continued activity out to the 
end of the current year... and the sur- 
prising thing about it is, that there 
doesn't appear to be anything in view to 
prove them wrong. 


Inconel and Monel are enjoying wide- 
spread use in an ever-increasing field of 
applications, primarily because of the 
heat resistance and corrosion resistance 
they offer. ... As an example, more and 
more nameplates are being made from these 
nickel alloys to assure legibility 
throughout a product's service life de- 
Spite corrosive fumes, moisture, heat, and 
rough handling. . . . Add other little- 
known applications: The skirt-like, free 
noving flaps that cover the gap between 
the front and rear sections of cowlings 
on modern airliners' radial engines... . 
These flaps often wear badly due to rub- 
bing against rear cowling sections. ... 
One western airline has eliminated this 
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bugaboo by riveting strips of Inconel 
sheet to both the flaps and cowlings. 


And speaking of nickel alloys, the old- 
fashioned milk can is currently appearing 
in a new garb. . . . Now made from chromiun- 
nickel stainless steel, these dairy- 
standbys are more than 24% lighter in 
weight than their conventional forebears. 
- « « They clean easier, have twice the 
life, and require no re-tinning . . . but 
the same old cows are still being used. 





Steel, the behemoth of industry, ap- 
pears to be almost fully recovered from 
its setbacks of last fall. . .. Shipments 
during late winter and early spring months 
to most industries were lighter than the 
same period a year ago. . .. But six 
industries in the past few months have 
received heavier shipments than they did 
in early '49. .. . These six are: auto- 
motive; oil and gas; containers; makers of 
bolts, rivets and screws; manufacturers 
of contractors’ products such as plumbing 
and hardware ; and a group covering furni- 
ture, office supplies and sporting goods. 
- « - This, in a general measure, is in- 
dicative of the current national scene, 
economically speaking. .. . The auto- 
makers are still steel'"s biggest customer, 
but their position is continually being 
challenged in aggregate by the jobbers 
and dealers who serve the multitude of 
small business enterprises scattered 
across the nation. 








Copper, another material considered a 
mainstay in our industrial economy, is 
being squeezed--and hard. .. . Current 
demand from construction and consumer 
goods categories, coupled with substan- 
tial purchases for government stockpil- 


(Continued on page 4) 
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ing, have combined to lift the price a 
cent a pound. . . . And even with this price 
rise, the pressure isn't off. ... Cur- 
rent industry thinking is split over 
proposals to continue the suspension of 
import duties on foreign copper for the 
next couple of years. .. . Producers 
solely dependent on U. S. sources want the 
tariff reimposed. ... They cite the 
closure of marginal mines which aided 
supply when prices climbed above the 20- 
cent level. . .. On the other hand, pro- 
ducers with foreign copper properties and 
many domestic fabricators want the sus- 
pension continued. ... They point out 
that Canadian, Chilean and Mexican copper 
for years acted as a stabilizer to do- 
mestic prices .. . and the Government, 
that is, the Treasury, Commerce, State and 
Interior Departments, the Budget Bureau, 
Munitions Board, and Tariff Commission 
agree with them. ... So, it's anybody's 
fight ... but demand still climbs. 











Ceramics often go unnoticed in the 
hurly=burly that accompanies the more 
widely used engineering materials, but for 
usefulness and importance they should not 
be overlooked. . . . Their resistance to 
deformation and warping; non-expansion 
and lack of deflection under load; non- 
magnetic, sweat-resistance and ability to 
withstand corrosion combine to provide an 
ideal material for certain applications. 
- - - Latest of these uses is in toolrooms 
and inspection departments as a surface 
plate. .. .Insuch applications, ceramics 
are found to afford high wear resistance 
and at the same time provide a surface 
flat to 0.0001 in. ... Other growing 
fields of ceramics applications include 
textile machinery grides, electrical 
insulators, heating apparatus, and the 
like. 


























Magnesium is pulling hard in the light 
metals race, and the results are begin- 
ning to tell. ... Latest additions to the 
crew are magnesium-zirconium alloy 
castings. . . . These are fine grained 
and have high strength, excellent fatigue 
resistance, improved compressive yield 











strength, and are relatively insensitive 
to notch effect. . . . We should be hear. 
ing plenty more about these newcomers 
soon. 


Among the newest plastics developments 
is a phenolic resin compound formulated 
specifically as an insulation coating for 
electrical parts. . . . Supplied in pov- 
dered form, material is actually a mixture 
of phenol-formaldehyde thermosetting 











resin and an inert filler. .. . Powder 





and suitable solvents are mixed and dip- 
ping process is utilized. . . . Coatings 
are air dried and baked at 300 to 325 F to 
achieve excellent dielectric strength, 
and good resistance to salt spray... . 
Most useful for resistors, condensers, 
coils and capacitors, etc. 


And speaking of phenolics, a new min- 
eral-filled phenolic molding compound 
featuring excellent heat resistance, 
exceptionally good finish, extremely fast 
cure, and a relatively low specific grav- 
ity has recently been developed. .. . New 
material has good strength characteris- 
tics and suitable for molding around 
inserts. . « « Molded test pieces, baked 
for 24hr. at 450 F are stronger after test- 
ing than before and retain high-gloss 
finish. . . . After 200 hr. at Same ten- 
perature, surface is still relatively 
unimpaired. .. . Intermittent exposure 
to even higher temperatures is equally 
safe. 














Recent advances in methods of applying 
metallic and nonmetallic coatings to gray 
iron castings have revolutionized appli- 
cation of iron castings. .. . Coatings 
of any desired metal can be produced by 
molten metal spraying; dipping the cast- 
ings in molten metal; heating in contact 
with molten metallic salts; electroplat- 
ing using improved techniques; or deposi~ 
tion of the required surfacing metal by 
oxyacetylene or arc welding methods. - -° 
Nonmetallic coatings, including organic 
and inorganic materials, are best applied 
by spraying, brushing or dipping, fo:- 
lowed usually by suitable baking or 
firing treatments. . .. Properly coated 
castings exhibit immunity to the severest 
corrosive, wear and heat conditions. 
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The use of stainless steel in indus- 
try has increased tremendously dur- 
ing the past decade. At first specified 
only where particularly tough corro- 
sion problems were encountered, 
stainless is now called upon where- 
ever good strength characteristics 
combined with long life in corrosive 
environments are desired. 

This increase in the use of stain- 
less can be explained by a number of 
factors, but perhaps the most impor- 
tant of these is increased knowledge 
of the properties, and especially the 
fabrication characteristics, of the vari- 
out grades of stainless steel. Even this 
information, however, has never been 
organized adequately for the materials 
specifier; and it is in an attempt to 
remedy this situation that MATERIALS 
& METHODS publishes its compre- 
hensive Manual No. 59 on “Stainless 
Steels—Their Selection and Applica- 
tion” (p. 83) in this issue. 


Where Stainless Is Used 


Of more limited usefulness, but 
probably of equal interest to materials 
engineers, is some information on 
the ultimate destination of this coun- 
ttys mounting stainless production. 
About a year ago, the M&M Market 
Research Dept. conducted a survey 
to determine the extent to which 
stainless steel was being used in in- 
dustry. Questionnaires were mailed to 
M&M subscribers in industrial plants 


manufacturing the following prod- 
ucts: 


Automotive products and. parts 

Agricultural equipment 

Heavy machinery and machine 
tools 


Electrical equipment and appli- 
ances 

Buil ng equipment and products 

Ordnance 
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Survey Shows Wide and Varied Use of Stainless Steels 


Aircraft, engines and parts 

Railway equipment and rolling 
stock 

Light machinery, business machines 
and instruments 

Hardware, cutlery and tools 

Chemical, petroleum and food 
processing equipment 

Ships, boats and marine equipment 

Fine metalware, jewelry and nov- 
elties 


The questionnaire produced a 19% 
response. 


Market Survey Results 


The results indicated that, at the 
time of the survey, about 88% of the 
plants covered used stainless steel in 
fabricating their products. This aver- 
age figure is exceeded in seven indus- 
tries; namely, marine, aircraft, proc- 
essing equipment, electrical, ordnance, 
and light and heavy machinery. The 
lowest proportion of stainless steel 
users, exactly 50%, was found among 
the fabricators of agricultural equip- 


Annual Production of Stainless Steel 
1939-1949 


| 


Thousands Pr 








1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 
This graph emphasizes the upward trend 
in stainless steel application. The drop in 
1949 can be attributed to the steel strike. 
(Data furnished by the American Iron & 

Steel Institute) 


ment. The validity of these results, of 
course, rests upon the not unreason- 
able assumption that the plants repre- 
sented by M&M subscribers are a fair 
cross-section of the industries cov- 
ered, and upon a percentage of re- 
turns generally considered adequate 
in surveys of this type. 

The most popular forms of stainless 
steel, according to the tabulation, are 
sheet, bar, strip and tubing, in that 
order. Less widely used are wire, 
castings, plate, forgings and stainless- 
clad materials. It should be pointed 
out, however, that this order of pop- 
ularity is based only upon the pro- 
portion of plants using the particular 
forms, not upon relative tonnages. 
Thus, it is quite likely that stainless 
castings, forgings and plate surpass 
wire on a tonnage basis. 


What Forms Are Used 


Nor does this rating of forms ap- 
ply to all industries; there are a num- 
ber of significant deviations which 
should be noted. For instance, the 
most important form by far in the 
automotive industry is strip. In the 
processing equipment industry, on 
the other hand, strip requirements are 
much lower while castings and stain- 
less-clad materials are used much 
more frequently. In the aircraft in- 
dustry, wire ranks even with strip; 
wire requirements are also high in 
hardware. Forgings exceed castings in 
aircraft, railway, ordnance and con- 
struction equipment. And high plate 
requirements are found in marine, 
railway and ordnance equipment. 

From the figures obtained in the 
survey, it is also possible to indicate 
to some extent the industries in which 
each stainless form plays its propor- 
tionally most important role. Again, 
the limitations involved in translating 
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number of users into tonnages must 
be recognized. But the following rat- 
ings should provide a general indica- 
tion of some interest. 


Each Form Has Its Place 


Highest proportional demand for 
stainless sheet is in aircraft and rail- 
way applications, with ordnance, con- 
struction, agricultural and electrical 
equipment also fairly high. Bar stock 
is of most importance in ordnance, 
but of considerable importance also 
in aircraft, chemical and marine 
equipment, as well as heavy and light 
machinery. Applications for strip are 
found most frequently in the automo- 
bile and railway industries, although 


this form is also quite important to 
the electrical, light machinery, hard- 
ware, construction and marine indus- 
tries. Stainless tubing is most used in 
aircraft and ordnance, but finds im- 
portant application in chemical, agri- 
cultural, railway and marine equip- 
ment. 

Stainless castings are of most im- 
portance in processing equipment, 
and they are used somewhat less in 
building ships, aircraft and heavy 
machinery. The importance of plate 
in ordnance and marine applications 
has been mentioned previously; this 
form has somewhat lesser importance 
in processing equipment, heavy ma- 
chinery and aircraft. Stainless forgings 
are used most often in aircraft, ord- 
nance and railway equipment, with 
lesser application in processing equip- 
ment, heavy machinery and railway 
equipment. Stainless-clad materials 
are of most importance in processing 
equipment, but also play an important 
part in the ordnance, railway, marine 
and heavy machinery industries. 


Non-Destructive Testing to Highlight ASTM Meeting 


A symposium to acquaint engi- 
neers and management with the 
advantages and uses of non-destruc- 
tive testing will be one of the high- 
lights of the 53rd Annual Meeting 
of the American Society for Testing 
Materials to be held the week of 
June 26 in Atlantic City, N. J. Other 
symposiums will be held on “Effect 
of Sigma Phase on the Properties of 
Metals at Elevated Temperatures” 
and “Corrosion and Erosion of Gas 
Turbine Materials,” as announced 
earlier. 

The non-destructive testing meet- 
ing will be held June 27. Sponsored 
by ASTM Committee E-7 on Non- 
Destructive Testing, the one-day con- 
ference will have as its theme “The 
Role of Non-Destructive Testing in 
the Economics of Production.” 

Six papers will be presented in two 
sessions. The first two papers will 
be of an introductory nature, one 
covering the basic principles under- 
lying the important non-destructive 
test methods, and the other discussing 
typical discontinuities revealed by 
non-destructive testing. The remain- 
ing four papers will deal with the 
use of non-destructive testing for 
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Castings inspection, weldments inspec- 
tion, wrought products inspection, 
and for special inspection problems. 
Testing methods to be covered in- 
clude radiography, ultrasonics, mag- 
netic particle and liquid penetrant 
inspection, and magnetic analysis. 


New Method Gives Fine Wire 


A method of making fine wire 
down to 0.0015-in. dia. has been de- 
veloped by Armour Research Founda- 
tion of the Illinois Institute of 
Technology, in cooperation with the 
Naval Ordnance Laboratory. The fine 
wire is produced by passing drawn 
wire through an electropolishing bath 
in which the wire serves as the elec- 
trode and is dissolved away until the 
desired size is obtained. 

Further research is being con- 
ducted on the process, as the fine wire 
is expected to be useful in developing 
more compact electronic equipment 
and more delicate scientific instru- 
ments. 


Profile Readings Allow Customer 
to Speciiy Casting Surface Finish 


A method of establishing standard 
specifications for surface finishes op 
castings was proposed by H. H. Fair. 
field and James MacConachie in the 
American Foundryman (Feb. 1950), 

Although a rough casting may be 
as useful as a smooth one, it has Jess 
appeal to the buyer. For a great many 
buyers of castings, the appearance of 
the skin is the deciding factor. Fur. 





Normal Roughness Values | 





Type co§ — | ——— 
Metal Smooth | Average Rough 
Aluminum 0.25 0.50 1.0 
Brass 0.50 1.0 2.0 
lron 1.0 2.0 4.0 
Steel 2.0 4.0 8.0 

















thermore, castings which are highly 
stressed, such as aircraft components, 
will have fatigue life dependent upon 
the smoothness of the castings. Hence, 
the advantages to both pourer and 
user if castings could be supplied to 
meet surface smoothness standards 

For measuring the finish, the auth- 
ors propose use of the procedure al- 
ready developed for machined sur- 
faces. From 25 to 50 profile readings 
are taken in a straight line at 0.02-in. 
intervals across the casting surface. 
From these measurements, the median 
reading is determined; then the stand- 
ard deviation of the valleys from the 
surface is determined. : 

Types of finishes found on castings 
range from 0.25 to 10.0, measured 
in deviations of 0.001 in. The ac 
companying table gives a tentative 
estimate of the type of finish normally 
obtained on castings of different al- 
loys. 

The prospective user of the cast 
ings could establish the finish desired 
by specifying the maximum deviation 
desired. The producer could then 
compare his castings visually against 
a set of measured surface finish spec'- 
mens to determine whether the spect 
fication was being met. 





CORRECTION 


Because of faulty transla on, 
the scrap percentage in the 
French hot extrusion process !0f 
steel (MATERIALS & METHODS, 
Mar. 1950, page 58) was listed 
as 0.35%. This figure shoul be 
4.5%. 
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The annual Plastics Exposition, 
held on Chicago’s Navy Pier Mar. 
78-31, showed advances in the for- 
mulating of many of the standard 
lastics compositions, and a broaden- 
ing of applications. Just how defi- 
nitely plastics have established them- 
selves in many fields where they were 
only incidental materials 10 or 20 
vears ago is shown by reports from 
industry. Today three of every five 
raincoats made are of vinyl plastics. 
Approximately half of last year’s 
phonograph records were made of 
plastics vinyl or styrene types. Re- 
frigerators take an increasingly large 
amount of plastics per unit, using 
both thermosetting and thermoplas- 
tic types. About 90% of the shower 
curtains and 30% of the garden hose 
produced today are made of plastics 
materials, mostly vinyls. Automobiles 
use plastics chiefly for ornamental 
parts and for adhesives, but uphol- 
stery and small mechanical parts are 
taking larger quantities yearly. Over- 
all, the total output of plastics has 
risen to five times the tonnage of ten 
years ago, and is now nearly equal 
to the annual tonnage of aluminum 


produced in the United States. 


Electrical Plastic 


The Polychemicals Dept. of E. I. 
du Pont de Nemours & Co., Inc., 
illustrated the expansion of its new- 
est plastics material, Teflon, into the 
electrical field as an insulating tape 
capable of withstanding continuous 
exposure to temperatures in the 500 
F range. The tetrafluoroethylene poly- 
mer has excellent high-frequency in- 
sulating properties, combined with 
extremely high chemical resistance. 
Extruded insulations were shown 
also. 

Nylon, which has become a gen- 
eric name for the polyamide resin 
developed by du Pont, is expanding 
rapidly as a molding material. Its 
low-friction properties make it useful 
in such applications as bearings, cams, 
guides and small gears. The narrow 
‘ange in temperatures between the 
Softening point and the point at 
Which discoloration occurs requires 
adaptation of the molding procedure 
for n formulations, but slight 
ges in the injection nozzle will 
usually be satisfactory. 

Polyethylene applications were fea- 
‘ured by both du Pont and Bakelite, 
and ins luded such industrial items as 
tor high-frequency coils, ex- 


change 


Casing 
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plastics Show Features New Products, Processing Methods 








truded insulation for line wire, chem- 
ical piping, and supported coatings. 
The fact that the material is flexible 
without the addition of a plasticizer 
continues to stimulate its use as a 
packaging material for foods and 
medicinals, cosmetics and toiletries. 


Solution Coating Resin 


B. F. Goodrich Chemical Co. in- 
troduced an improved high-molecu- 
lar-weight polyvinyl chloride that fea- 
tures easy processing in combination 
with the good stability and physical 
and electrical properties of the high- 
weight polymer. Milling time may be 
25 to 50% lower with the new for- 
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mulation. Another new resin that 
offers valuable properties is the vinyl- 
vinylidene chloride copolymer that is 
directly soluble in such aromatic sol- 
vents as toluene and xylene, even up 
to 50% solids content. Solution coat- 
ing of paper, foils and fabrics can be 
done economically with this resin. 
Another new product was a plasti- 
cizer for vinyls and other resins de- 
signed to improve their low-temper- 
ature properties without imparting 


(Continued on page 134) 
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cut operating costs, increase payloads 
—reduce weight or increase strength 


vin Unland Hl-S TEEL 


Inland HI-STEEL’s high strength-to-weight ratio and its abrasion and 
corrosion resistance permit longer life, weight reductions up to 25%, 
and greater strength than ordinary structural-grade carbon steel. 


These properties permit three different approaches to the problems 
of design and construction: 


1. To design for same strength with reduced weight and 
greater payloads; 


2. To design for greater strength with same weight and pay- 
load; and 


3. To design for compromises that will allow variations of 
these qualities. 
In each case operating costs of mobile equipment are greatly reduced. 


And Inland HI-STEEL can be worked either hot or cold—punched, 
drawn or otherwise fabricated—welded or riveted—with little or no 
change in shop practice. 





COMPARISON OF AVERAGE PROPERTIES OF HI-STEEL 
WITH ORDINARY STRUCTURAL GRADE CARBON STEEL 


Tensile Properties Inland Ordinary Structural 
(%4”’ Plate) HI-STEEL Grade Carbon Steel 
Yield Point (psi) 56,000 35,000 
Ultimate Strength (psi) 73,000 66,000 
Elong, in 8”’ (%) 25 25 
Endurance Limit 
Fatigue Strength (psi) 49,000 33,000 


Impact Resistance 
(Charpy impaci—ft. Ibs.) 


Temperature 
80° F $5 36 
32° F 43 33 
O° F 36 26 
—25° F 34 é 
—50° F 30 2 
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INLAND STEEL COMPANY 
DEPT. MM50, 38 S. DEARBORN ST. 
CHICAGO, ILLINOIS 


Write for Booklet 


Sales Offices: Chicago, Dav- 
enport, Detroit, Indianapolis, 
Kansas City, Milwaukee, New 
York, St. Louis, St. Paul. 
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OTHER PRODUCTS: BARS « PLATES 
STRUCTURALS * SHEETS © STRIP ° 
TIN PLATE * SAFETY PLATE * PILING ° 
RAILS * TRACK ACCESSORIES. 
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Metals and Refractories Combined 





in High-Temperature Structural Parts 


by JOHN B. CAMPBELL, Associate Editor, Materials & Methods 


@ THE GROWING IMPORTANCE of 
rockets and jet aircraft in both peace 
and war has raised an urgent mate- 
tials problem. Essentially, the prob- 
lem is one of developing structural 
materials which can withstand serv- 
ice temperatures in the range from 
1800 to 2400 F and possibly even 
higher. Operating temperatures in 


| this range would make possible tre- 


mendous improvements in thermal 
efhciency and, consequently, in the 
specific fuel consumption of gas tur- 
bines. ' 

_ High-temperature alloys now used 
tor gas turbine applications are rela- 
tively short-lived at temperatures as 
low as 1500 F because of high creep 
rates and lack of oxidation resistance. 
Even the high molybdenum, chromi- 
um and tungsten alloys now under 
development are not expected to ex- 
tend the practical temperature limit 
beyond 1800 F, although use of air 
or liquid cooling appears to offer 


some promise for certain applica- 
tions. 


Thi 


materials problem was recog- 
nized 


ly in the last war, when it 
tuated by the need for con- 
ich vital and scarce elements 
cobalt, tungsten and colum- 
was then that ceramic coat- 
ings were applied to low-carbon 
steels for high temperature use. Since 
the war there has been much interest 
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in the possible use of structural ce- 
ramics for gas turbine components. 
Ceramics have perfect oxidation re- 
sistance and retain a high proportion 
of their room-temperature strength 
at high temperatures. However, they 
have almost no resistance to cracking 
caused by the thermal shock encoun- 
tered in gas turbine operation. 

Because of this important limita- 
tion, it was natural that attention 
should turn next to the development 
of metal-refractory combinations pos- 
sessing some ductility and thermal- 
shock resistance, in addition to high 
refractory qualities. Most of these 
new materials are still very much 
in the early stages of development, 
where any available information re- 
mains on a somewhat theoretical 
level. Furthermore, much of the cur- 
rent work is being carried out under 
government wraps, and results of 
these investigations are classified. 
Nevertheless, a number of these ma- 
terials, which have been imagina- 
tively labeled “cermets,” are now 
commercially available and it is pos- 
sible to see what directions research 
is taking. This article will attempt 
to describe these various substances 
and their properties, and, to a cer- 
tain extent, indicate their potentiali- 
ties as engineering materials. 

The so-called “cermets” can be 
described broadly as refractory metal- 






Published here for the first time is an 
up-to-date summary and objective 
appraisal of those new high tempera- 
ture materials known variously as 
cermets, ceramals or metal-ceramics. 


lic compounds combined with metals 
and fabricated primarily by powder 
metallurgy methods. More specifical- 
ly, the compounds of most interest 
are oxides, borides, carbides, nitrides 
and silicides; but the limited amount 
of information available on nitrides 
and silicides makes it advisable to 
confine subsequent discussion to the 
first three groups. The most promis- 
ing combinations at the present time 
appear to be aluminum oxide (alu- 
mina) with iron or chromium, zir- 
conium boride with nickel, boron 
carbide with iron, and titanium car- 
bide with cobalt or nickel. 

These combinations are generally 
hard and brittle at room tempera- 
tures; many can be machined only 
with diamond tools. In density, high- 
temperature strength, oxidation re- 
sistance and thermal-shock resistance, 
they fall somewhere between the con- 
stituent metal and the refractory body. 
Furthermore, these properties can be 
varied widely by adjusting the ratio 
of the metallic and non-metallic 
phases, a process made fairly simple 
by powder metallurgy techniques. 
There is considerable speculation and 
disagreement on the bonding mech- 
anisms involved in these combina- 
tions. It is clear, however, that the 
result is a group of materials having 
both metallic and non-metallic prop- 
erties. 
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Top, extruded and ground rods made of cemented titanium carbide; bottom, experimental 
diaphragm blades. (Courtesy Kennametal, Inc.) 


Imaginative minds have already 
complicated the momenclature of 
these new materials. Such terms as 
“cermets,” “ceramals,” “cerametallics,” 
and “metal-ceramics” have been rath- 
er indiscriminately applied to this 
entire group of materials, the impli- 
cation being that they are combina- 
tions of metals and ceramics. These 
early designations are being joined 
by an ever-increasing number of 
trade names for specific combina- 
tions. 

It is obvious that the three princi- 
pal groups to be discussed in this 
article can be more precisely classi- 
fied as oxide-metal, boride-metal and 
carbide-metal combinations. It is also 
apparent that the carbide-metals are 
nothing more nor less than cemented 
carbides, an old and respected family 
hardly in need of a more glamorous 
title. Terms such as “cermets” and 
“metal-ceramics,’ used to encourage 
anxious designers, might better be 
applied only to oxide-metals which 
are, in fact, combinations of ceramics 
and metals. If a general term for 
these new materials is necessary, use 
of “metalloid combinations”—literal- 
ly, combinations having both metallic 
and non-metallic properties—might 
be more acceptable than extending 
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the meaning of “ceramic” to include 
all materials which are neither metal- 
lic nor organic in nature. 


Oxide-Metal Combinations 


First attempts to use oxide-metal 
combinations for gas turbine blades 
are believed to have been made in 
Germany during the war. The Ger- 
mans developed several compositions 
of alumina and iron which they 
called “Dug.” Results of their experi- 
mentation have been verified in the 
intervening years, and much addi- 
tional work has been done in this 
country on these and similar com- 
binations. 

Alumina itself is one of the most 
attractive ceramics from an engi- 
neering viewpoint. It has a tensile 
strength of about 38,000 psi. at room 
temperature; this value drops only 
slightly at temperatures up to 1830 
F and, at 2200 F, tensile strength is 
still 20,000 psi. Compressive strength 
of alumina approaches 450,000 psi. 
at room temperature, falling to 70,- 
000 psi. at 2200 F. Despite the 
high strength and oxidation resis- 
tance which this ceramic possesses at 
elevated temperatures, however, the 
material is extremely brittle and 


quite susceptible to thermal shock 
Addition of a metal such as iro, 
to this ceramic produces, in effect. , 
compromise material. The high-tem. 
perature strength and oxidation resis. 
tance of the ceramic are reduced, by 
its ductility and thermal-shock regis. 
tance are measurably increased. Ap 
alumina-iron combination containing 
about 60% iron is approximately 
half as strong as alumina alone. Spec. 
imens containing at least 30% iron 
on the other hand, can be heated to 
1470 F and quenched in water o; 
cold air without injury. Thermal cop. 
ductivity of alumina-iron mixture 
increases tremendously when iron 
content exceeds 50%; such high con. 
ductivity often raises special prob. 
lems, particularly in connection with 
turbine blades. The optimum amount 
of iron in alumina-iron materials js 
believed to lie between 40 and 50% 
In general, standard powder metal. 
lurgy techniques are used in the 
fabrication of these oxide-metal ma. 
terials. The metal and oxide grains 
often temporarily bonded by wax, 
are milled together until optimua 
particle size is obtained. The mixtur 
is then pressed in molds at pressures 
ranging from 10,000 to 100,000 psi, 
and the compact is sintered at tem- 
peratures from 2500 to 3000 F under 
carefully controlled atmospheres. 
The exact mechanism of bonding 
is open to considerable doubt. Recent 
work at Ohio State University has 
shown that, although metals have n 
inherent tendency to wet alumina at 
temperatures below 3000 F, wetting 
and adhesion are developed as a « 
sult of combination between the alu 
mina and the oxides of the various 
metal additions., This suggests that, 
rather- than the highly reducing at- 
mospheres first employed in sintet- 
ing, it would be advantageous to ust 
atmospheres of controlled oxidizing 
intensity; and, in fact, good results 
have been obtained by pre-oxidizing 
the metal powder surface and using 
a nearly neutral atraosphere in firing 
The most desirable additions 4p- 
pear to be those metals which have 
oxides of the same crystal form and 
nearly the same lattice parameters 45 
the ceramic oxide and which form 4 
continuous. series of solid solutions 
with it. Retention of metallic prop: 
erties by the sintered material, how 
ever, indicates that the metal con 
sumed in the bonding phase must be 
a relatively small proportion of th 
metallic addition. 
Alumina-iron is only one of ™a®) 
oxide-metal systems now undcr It 
vestigation. Other ceramics ¢iMg 
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studied are beryllium oxide and zir- ° 


conium oxide. Metallic additions be- 
ing tested include cobalt, nickel, 
aluminum, beryllium, zirconium, 
chromium and copper. One com- 
bination developed at Ohio State 
which shows particular promise con- 
rains 70 alumina and 30% chro- 


mium. 


etal-Rich Oxide-Metals 


Although oxide-metal investiga- 
tions have proceeded from both ends 
of the scale, the emphasis has been 
on the addition of a metallic phase 
to a strong ceramic. The reason for 
this, of course, is the pronounced 
superiority of ceramics to metals in 
overall resistance to high tempera- 
tures. In addition, there is much to 
be gained in many prospective appli- 
cations from the far lower density 
offered by the ceramic materials. 
Nevertheless, the only commercially 
available material of the oxide-metal 
type is an example of the metal-rich 
end of the scale. This metal-ceramic, 
produced by Haynes Stellite, is known 
as Metamic LT-1. Its composition is 
70 chromium and 30% alumina. 

Metamic LT-1 is strong, but brittle 
enough to break if dropped on a 
concrete floor. When it fails under 
stress, the fracture is completely brit- 
tle except at temperatures over about 
2500 F or under prolonged stress 
above 1800 F. The material is also 
fairly sensitive to thermal shock, 
though much superior. to most ceram- 
ics in this respect. 

Tensile strength of LT-1 is about 
17,500 psi. at 1800 F, 7000 psi. at 
2200 F, and somewhat higher than 
3000 psi. at 2400 F. In addition to 
retention of fairly good strength 
properties in this range, LT-1 has 
particularly good resistance to oxida- 
tion in air at temperatures up to 
2200 F and resistance to combustion 
gases up to 2900 F. It also resists 
attack by molten steel and furnace 
slag, but is rapidly attacked by molten 
glasses and alkaline vapors at tem- 
peratures as high as 2600 F. 

At the present time, Metamic parts 
up to 2-in. dia. by 18 in. long or 3-in. 
dia. by 3 in. long can be produced, 
with dimensions held within +2%. 
A certain amount of warping and 
distortion must be expected, how- 
ever, and this can be particularly 
in the case of long thin ob- 
Where closer tolerances are 

allowance must be made 
ish grinding with abrasive 
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Grade LT-1 can be machined with 
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tungsten carbide tools or, more 
slowly, with high-speed steel tools. 
A number of joining techniques are 
available; they include mechanical 
threaded joints, special Metamic 
screws and bolts, pressure welding 
and shrink-fitted joints. LT-1 can 
also be copper-brazed to steel. In 
some cases, complex shapes can be 
produced by joining sub-assemblies 
during the fabrication process. No 
fusion welding techniques have been 
developed as yet. 

The fields of application being 
considered for the Metamics are illus- 
trated best by a representative list of 
parts which have been slip-cast: 
thermocouple protection tubes; tubes 
for injecting gases into molten met- 
als; split molds for permanent-mold 
casting of alloy rods; high-intensity 
burner nozzles; sand blast nozzles; 
deflection plates for molten slag; 
bolts for high-temperature apparatus; 
high-temperature rack and roller 
pinions; and small calcining vessels. 

In addition, LT-1 has been tested 
in several parts of ram jets, including 
the Venturi-type nozzle, the flame 
holders and thermocouple tubes, 
where gas temperatures of 3000 F 
are encountered. The material is also 
being tested for turbo-supercharger 
blades and gas turbine nozzles. Al- 
though its high metallic content 
would suggest insufficient strength 
at these temperatures, early reports 
on test results indicate that Metamic 
LT-1 holds some promise for such 
applications. 


Boride-Metal Combinations 


Research in the field of boride- 
metal combinations is not neatly so 
far advanced, at least for publication 
purposes, as is the work on oxide- 
metal and carbide-metal materials. 
Nevertheless, significant results are 
being achieved in this field, particu- 
larly in the Navy-sponsored investi- 
gations at American Electro Metal 
Corp. 

Earlier studies had shown the de- 
sirability of obtaining materials simi- 
lar to cemented carbides in their 
refractory properties and high moduli 
of rigidity, but superior to the car- 
bides in resistance to corrosion in ox- 
idizing atmospheres. A logical start- 
ing point for such research was 
chromium boride, as it was relatively 
hard and exhibited good corrosion 
resistance; furthermore, it was com- 
mercially available, since it was being 
used with iron and nickel in hard- 
surfacing alloys. Although chromium 
boride, sintered with a metallic bind- 


er, was ultimately found unsuitable, 
chiefly because of the appearance of 
a liquid phase at 1900 F, some of 
the results of this investigation have 
an important bearing on the future 
of boride-metal combinations. 

Both 70 nickel-30% copper and 
60 nickel-40% chromium produced 
good bonds in chromium boride, but 
the most effective binder was com- 
mercially pure nickel. Optimum prop- 
erties were secured for a composition 
analyzing 85 chromium -boride and 
15% nickel binder. 

Attempts to cold-press compacts 
of powdered chromium boride and 
binder were unsuccessful when the 
boride content exceeded 75%, as ex- 
tremely low densities resulted. Hot 
pressing at temperatures high enough 
to melt the binder, however, pro- 
duced dense bodies having good phy- 
sical properties. In hot pressing, a 
sufficiently high current is passed 
through the powder mixture in a 
graphite die to raise the temperature 
of die and mixture above 2700 F in 
1 to 2 min. When the temperature 
is reached at which pressing is to 
occur, the current is stopped and 
pressing accomplished by hydraulic 
means. The carbonaceous atmosphere 
within the die and the short time 
involved make it possible to avoid 
oxidation without providing a special 
atmosphere. 

Since these tests were carried out, 
only a limited amount of informa- 
tion has been forthcoming. Late last 
year the Office of Naval Research 
announced that a zirconium boride 
compound had been developed by 
American Electro Metal Corp. This 
material was said to have survived 
higher temperatures than any other 
material used in their experimenta- 
tion. 

It would be hazardous, at this point, 
to speculate on the actual properties 
of this zirconium boride material. 
However, the fact that zirconium 
boride alone has a melting point 
about 2000 F higher than chromium 
boride and 1700 F above that of 
alumina indicates that high refrac- 
tory properties can be expected. Re- 
sults of previous investigations, more- 
over, indicate that the actual com- 
position of this material may approx- 
imate 85 zirconium boride-15% 
nickel, and that it is undoubtedly 
fabricated by hot pressing rather than 
more conventional powder metallur- 
gy techniques. 


Cemented Carbides 


Cemented carbides as such need 
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little introduction here. Their useful- 
ness as tool materials, resulting from 
their retention of strength and hard- 
ness at fairly high temperatures, has 
long been recognized. But the tem- 
peratures encountered in cutting op- 
erations do not approach those pro- 
posed for gas sabes power plants. 
At such temperatures, tool composi- 
tions consisting primarily of tungsten 
carbide oxidize rapidly, forming ox- 
idation products which do not protect 
the remaining material. Furthermore, 
these tungsten carbide compositions 
have high specific gravities, ranging 
from 8.0 to 15.0. 

Nevertheless, the carbides, because 
they are the highest-melting com- 
pounds known, have been an impor- 
tant field of investigation. The fact 
that titanium carbide has a higher 
melting point than tungsten carbide 
and, in addition, has a lower density 
than any of the other refractory 
metal carbides, led to consideration 
of this compound for high-temper- 
ature use. Titanium carbide had 
previously been used extensively for 
supplementing the properties of tung- 
sten carbide in tool compositions. 
Cemented titanium carbides had also 
been developed previously, but such 
compositions appeared to have low 
strength and poor oxidation resis- 
tance. Recent work at Kennametal, 
Inc., however, has resulted in the de- 
velopment of a whole series of ce- 
mented titanium carbides, fabricated 
by powder metallurgy and possessing 
high strength and oxidation resis- 
tance. In these compounds, tremen- 
dous improvement in oxidation re- 


sistance has been achieved by replac- 
ing part of the titanium carbide by 
the high-melting tantalum and co- 
lumbium carbides. The reason for 
the marked effects of such additions 
is not known. 

The auxiliary metals used in these 
titanium carbide compositions are co- 
balt and nickel, the nickel being used 
at present only where special chemi- 
cal resistance is needed. These two 
binders offer equal oxidation resis- 
tance, but cobalt seems to provide 
the better high-temperature strength. 
Most useful grade of the Kentanium 
series appears to be K138A, contain- 
ing 20% cobalt as binder; this com- 
position has better thermal-shock re- 
sistance than most of the other 
grades, in addition to the best 
strength properties obtainable at 
2400 F. 

Many of the properties of the 
Kentanium series have yet to be de- 
termined, but a few are listed in 
Table 1. Additional properties have 
been determined for some grades and 
give a fair indication of those to be 
expected from the remaining grades. 
Thus, the thermal expansion coefh- 
cient from 100 to 1200 F is about 
4.5 x 10° per deg. F, thermal con- 
ductivity is about 18 Btu./hr./sq. 
ft./ft./F, and room temperature com- 
pressive strength is about 450,000 
psi. Both thermal and strength prop- 
erties are affected by the amount of 
auxiliary metal; room temperature 
strength increases with the amount 
of metal binder, but high-tempera- 
ture strength is adversely affected. 
Electrical conductivity also varies with 


the amount of auxiliary metal, being 
about 4.0% of that of standard ap. 
nealed copper for 20% cobalt ang 
1.9% for 10% cobalt. 

A long-standing difference of opin. 
ion over the bonding mechanism jp 
cemented carbides has been extended 
to these higher temperature grades 
Thus, it is not certain whether the 
cemented carbides owe their proper. 
ties primarily to the carbide or t 
the metallic phase; each contention 
can be supported by certain experi. 
mental evidence. It is apparent, there. 
fore, that the exact nature of these 
high-temperature cemented carbides, 
in common with most other metal- 
loid combinations, is not fully estab. 
lished at the present time. 

Cemented titanium carbides have 
been found suitable for a number of 
applications, some of which are listed 
in the accompanying table. Potential 
applications are naturally limited by 
the fabrication methods which must 
be employed. Generally these ma- 
terials can be extruded to form small- 
diameter rods and shapes and tubes 
up to 9/16-in. O.D. and 18 in. in 
length. They cannot be machinec 
after sintering, although they can be 
ground with diamond wheels. They 
are just as susceptible as tool com- 
positions to cracking from local over- 
heating, however, and the same pre- 
cautions taken for tool compositions 
must be observed. These composi- 
tions cannot be brazed by ordinary 
methods; furthermore, the tempera- 
tures at which they operate render 
present brazing materials useless. 
Welding is impractical because ol 


Table 1—Properties and Applications of Kentanium Oxidation-Resistant Grades 





















































Grade K138A | K139A_ | K140A KI41A | K150A KI51A 
Composition, %* Tic, 80 TiC, 95 TiC, 90 TiC, 70 TiC, 90 TiC, 80 
Co, 20 Co, 5 Co, 10 Co, 30 Ni, 10 Ni, 20 i 
Specific Gravity 5.8 5.4 5.6 6.0 | 5.6 es 
Modulus of Elasticity ; 
(Room Temp.), Psi. 57.3 10° 51.2 10° 53.2 10° 54.3 x 10° | 52.7 10° 56.7 x10 ha” 
Transverse Rupture Str. 
(Room Temp.), 1000 Psi. 150.0 112.0 135.0 190.0 — 150.0 a 
Hardness, Rockwell A 89.5 93.0 91.5 | 87.5 — 89.0 
Relative Properties: 
High Temp. Strength Highest Lowest Medium High Medium High 
Softening Temp. Medium Highest Medium Lowest Medium Medium 
Thermal Shock Resist. High Lowest Medium Highest Medium High . 
Applications Hot tube spin- — Molten metal | Hot working | SameasK140A. | Sameas K! 8A. 
ning tool. Ex- thermocouple dies where se- | Also resists at- | Also resists at 
trusion dies for protection tubes. | vere shock en- | tack by alumi- | tack by alumr 
brass or bronze. Resistance heat- | countered. | num and glass. | num and g!ass. 
Thermocouple ing elements for 
protection tubes. electric furnace. an 











* Titanium carbide figure includes unspecified amount of tantalum and columbium carbides. 
Adapted from data furnished by Kennametal, Inc. 
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cracking. These materials can be 
threaded, but other methods of me- 
chanical holding are preferred where- 
ever possible. 

Of the various metalloid combina- 
sons developed so far, Kentanium 
grade K138A appears to be the most 
promising for gas turbine blades. In 
an attempt to determine the useful- 
ness of Kentanium in high-tempera- 
cure power plant operations, Kenna- 
metal engineers are now engaged in 
constructing a small gas turbine in 
which not only the blades, but also 
such parts as disk, nozzle vanes and 
box and combustion chamber liners 
will be fabricated from this material. 

Another titanium carbide mixture 
which may prove useful is one con- 
taining about 10% molybdenum as 
a binder. In tests conducted by the 
National Advisory Committee for 
Aeronautics, this combination dem- 
onstrated better high - temperature 
strength than any other titanium car- 
bide materials. Although its oxidation 
resistance was much poorer than that 
of cobalt-cemented titanium carbide, 
the N.A.C.A. tests did not include 
materials reinforced with tantalum 
and columbium carbides. 

Still another carbide which has 
undergone extensive investigation is 
boron carbide, of special interest be- 
cause it is the hardest substance pro- 
duced by man. N.A.C.A. tests have 
shown that a sintered mixture of 64 
boron carbide and 36% iron has a 
strength-weight ratio at 2400 F about 
20 times that of 80 titanium carbide- 
20% cobalt, and twice that of the 
20 titanium carbide-10% molybde- 
num mixture. The specific gravity of 
this combination is only 3.2 com- 
pared to 5.8 for the titanium carbide 
material. Unfortunately, the tests also 
indicated that the rate of oxidation 
was such that a protective coating 
would be required for continued op- 
eration above 1600 F. Since the addi- 
ton of tantalum and columbium 
carbides has imparted so much oxida- 
tion resistance to cemented titanium 
carbides, it is interesting to conjec- 
ture whether similar results might 


— obtained for cemented boron 
Car ides. 


Outlook for Tomorrow 


The scope of potential applica- 
“ons tor high-temperature materials 
has been indicated somewhat gener- 
ally. In addition to blading, the most 
urgent requirements include materi- 
als for the interior of turbine engine 
tubes; for tailcones and tailpipes; for 
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afterburner parts; for rocket combus- 
tion chamber liners and nozzles; for 
missile combustion chambers, guide 
vanes, reactors and warheads; for ap- 
plications to supersonic air foils; and 
for other vital uses in jets, rockets 
and guided missiles. 

Many of the metalloid combina- 
tions under development, and espe- 
cially those now commercially avail- 
able, have proved suitable for certain 
high temperature applications. It is 
safe to say, however, that the overall 
problem has not diminished appre- 
ciably. Although the use of K138A 
stator blades in production engines 
within the year has been forecast, not 
one of these metalloid combinations 
is believed suitable for use in gas 
turbine rotor blades at the present 
time. Even where the problems of 
strength, oxidation resistance and re- 
sistance to thermal shock have been 
overcome, important fabrication and 
cost problems remain. 

Although cemented carbides ap- 
pear to be the most promising of 
these materials for early application 
to gas turbine parts, the other metal- 
loid combinations should not be over- 
looked. The tantalum and columbium 
carbides used to add oxidation resis- 
tance to the cemented titanium car- 
bides are being obtained from tin 
extraction dross but, nevertheless, the 
generally critical supply of these ad- 
ditions must be considered in evalu- 
ating the usefulness of the cemented 
carbides. No such scarce alloying ele- 
ments are required for the oxide- 
metal and boride-metal combinations. 
And there are many additional metal- 
lic compounds which have not yet 
been fully investigated. Just recently 
a series of “metal-ceramics” has been 
announced by P. R. Mallory & Co., 
Inc., but no details on these materials 
are yet available. 

Furthermore, the metalloid com- 
binations fabricated by powder metal- 
lurgy cannot justifiably be considered 
alone, as they will have to compete 
with many other types of processes 
and materials. Other methods of com- 
bining metal and ceramic phases are 
being investigated, including vapor 
impregnation and capillary intrusion 
of the molten metal into prefired 
ceramic bodies. Another technique 
consists of vaporizing metal and cera- 
mic together and depositing the com- 
bination as a metalloid coating on a 
base material. 

Much attention is being devoted to 
methods of producing ceramic coat- 
ings on metals, such as electrolytic 
methods, spraying, dipping, fusion, 


etc. Research is also being conducted 
on such materials as graphite and 
silicon carbide mixtures; fused alu- 
mina and silicon carbides; oxides, 
borides, carbides and nitrides without 
metal binders; carbonaceous materi- 
als with or without metallic powder 
additions and/or bonding materials; 
compounds of plaster of Paris, gyp- 
sum, graphite or carbon to provide 
cooling by chemical reaction; bodies 
of one, two and three constituent 
oxides; and ternary and. quaternary 
oxide systems with complete liquid 
miscibility on melting. 

It is impossible now to predict 
what materials will ultimately prove 
satisfactory for gas turbine and 
other high-temperature applications. 
It seems fairly certain, however, that 
no one material will prove suitable 
for all such applications. Even on the 
basis of strength alone, it is likely 
that no one material or combination 
will be found to possess the highest 
properties over any considerable tem- 
perature range. When the variables 
of oxidation resistance and thermal- 
shock resistance are considered, it be- 
comes evident that eventually a whole 
series of materials will be evolved, 
each grade having optimum proper- 
ties for certain conditions of service. 
Although there is no guarantee that 
metalloid combinations will prove 
the most effective types of high-tem- 
perature materials, enough research 
has been done to show that materials 
having the properties of both metals 
and nonmetals do have application 
under certain conditions of high tem- 
perature service. Some of them may 
be important engineering materials 
of tomorrow. 
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New Fibrous Materials 


Suited for Many Engineering Uses 


by R. A. ST. LAURENT, Vice President, Rogers Corp. 


@ BROADLY SPEAKING, there are 
two major types of non-metallic sheet 
materials for use in product manu- 
facture. One group consists of lami- 
nated plastics; the other is the wide 
group of fibre boards. Industry, up 
until a short time ago, has had to 
fill its need for fibrous parts within 
the framework of these sheet ma- 
terials. The gap between the two 
groups is large and marked by a 
wide variation of characteristics be- 
tween the materials at each level. 
Part of this gap has been filled by 
materials commonly known as vul- 
canized fibre. 

Now a much more flexible condi- 
tion prevails. A new class of indus- 
trial fibre boards—the Duroids—has 








been developed by Rogers Corp., 
Manchester, Conn., which helps to 
fill this gap between laminated plas- 
tics and existing fibre boards. 


Types and Properties 


Broadly defined, the Duroids have 
a cellulosic base with various com- 
binations of resin binders. They are 
made in sheets on cylinder wet ma- 
chines, then dried and densified. The 
standard sheet size is approximately 
48 by 60 in. in gages ranging from 
0.015 to 0.125. Because of the close 
interlocking of fibres within the ply 
and between the plies, the materials 
are homogeneous and appear to be 
solid. The color and surface pattern 


Some typical forms that can be produced with Duroids. These materials can be bent, 


formed, drawn, punched, stitched and riveted. 


Duroids, a recently developed 
group of industrial fibre boards, are 
rigid, tough, and can be readily 
formed and fabricated. 


of Duroids varies, depending on the 
type. Rogers supplies the materia| 
as sheet, or will fabricate componen: 
parts, prefaced by design assistance 
where desired. 

As a group, the Duroids are char 
acterized by the following properties 
homogeneity, water resistance, tough. 
ness, high mechanical strength, stifl. 
ness and oil resistance. The wick 
scope and flexibility of these m, 
terials lie in the fact that it is pos 
sible to modify their characteristics 
readily to place emphasis on one or 
more of various mechanical, chemical 
and electrical properties—with possi- 
bly some sacrifice of other less impor. 
tant qualities. By varying component 
ingredients and manufacturing pro- 
cedures, a Duroid or series of Dur. 
oids can be developed to meet spec! 
characteristics. The following is : 
list of properties which can be varied 
to suit application requirements 


1. Flexibility 

2. Dielectric strength 

3. Ability to bend, form, shap: 
and draw 

4. Low swelling after immersion 
in water | 

5. Retention of high mechanical 
strength after immersion 
water (high wet strength 

6. Water absorption 

7. Arc resistance 

8. Fungus resistance 

9. Heat-aging characteristics 


10. Freedom from brittleness 

As of this writing, there are seve? 
series of Duroids in production 
There is a mechanical group whic 
includes Duroids 100, 200, 500 anc 
400. They are suited for such app! 
cations as backing for adhesive san¢ 
ing disks, athletic protective ¢qu'P 
ment, golf bag bottoms, luggage 40° 
numerous other purely structural Uses 
Duroid 200 typifies the versatility 
the new materials. It can be craw’, 
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formed and bent, is high in strength, 
and has good water resistance. In 
addition, it has good dielectric char- 
acteristics when dry and is employed 
for insulating parts. 

Another series, Duroid 700, was 
developed especially for electrical ap- 
plications and has been approved by 
Underwriters Laboratories as a re- 
placement for vulcanized fibre. This 
series features a lower water absorp- 
tion rate than the mechanical grades 
and maintains good dielectric strength 
when exposed to elevated humidities. 
Duroid 700 is utilized as insulation 
for such equipment as switches, mo- 
tors, generators, transformers, radios, 
television sets and electronics devices. 

Duroid 600 exemplifies the man- 
ner in which a material was devel- 
oped to meet specific requirements 
with respect to performance and cost. 
The part involved required a mini- 
mum total swelling while actually 
immersed in water. Laminated phe- 
nolic was a satisfactory material from 
this standpoint, but it was much 
too costly, as considerable high cost 
worthless scrap Was inevitable be- 
cause of part design. 

The Duroids excited interest be- 
cause Of their flexibility and because 
scrap could be salvaged. In develop- 
ing the 600 series, Rogers had to 
formulate a mew material and con- 
ceive a new method of handling ict. 
The production program which re- 
sulted had two phases. In the first 
phase, the parts were fabricated from 
the Duroid material as it came from 
the machines, leaving scrap that could 
be reprocessed. 

In the second phase, the material 
—now in the form of fabricated 
parts—was subjected to heat, which 
set up a chemical reaction in the 
Duroid and qualified it for the in- 
tended application. Reclaimable scrap 
could not be obtained after heat 
treating. Duroid 600 is now a stand- 
ard series, offered for applications in 
which total low swelling and high 
scrap reclamation are essential. 

The seventh series of Duroids is 
ner type developed for a special 


purpose and which now is a standard 
material grade. Duroid 900—as this 
series has been designated—was for- 
mulated to meet the need for a ma- 
terial which could be employed as a 
gas between two highly machined 


Specifications for the ma- 
equired that it have the sur- 
nd strength to function effi- 

as a gasket between two 
ed surfaces joined with low 
tor applied to the fasteners. The 
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gasket would be subjected to elevated 
temperature, hydraulic pressure and 
oil at high temperature. 

Additional Duroids are in the 
process of development to cope with 
the demand for special characteristics. 
Among them are a material with very 
high wet strength and another which 
is being formulated to meet extreme- 
ly low water moisture absorption re- 
quirements. 

Diecutting in all its forms is 
readily accomplished on all grades to 


close tolerances. Tolerances as high 
as *+£0.010 in. can be maintained. 
They can be punched or blanked, 
slit or sheared. Steel rule dies and 
cutting equipment, full blanking or 
progressive dies on punch press 
equipment can be used. Duroids can 
also be stitched, stapled or riveted. 
An important factor, from the 
standpoint of material cost of fab- 
ricated parts, is that most Duroids 
have reclaim value. Substantial sav- 
ings in material costs can be realized 





Deep drawing a Duroid insulating cup for an electric motor. 

















Duroid is being used as insulators for television coils. Two rings are used to a coil. 












Typical Properties of Duroids Compared to Other Sheet Materials 














Elect. Press- 
Laminated board 
Duroid 200 | Duroid 700| Phenolic (Kaypar) 
Thickness (In.) 0.062 0.062 0.062 0.062 
Density (Gr./Cu. Cm.) 1.25 1.25 1.35 1.15 
Weight (Gr./Cu. In.) 20.5 20.5 22.0 19 
Tensile (Lengthwise), Psi. 25000 23000 14000 16000 
Tensile (Crosswise), Psi. 8000 7000 12000 5600 
Flexural (Lengthwise), Psi. 30000 26000 23000 — 
Flexural (Crosswise), Psi. 16000 15000 20000 — 
Compression Strength, Psi. 43000 41000 35000 —_ 
Bursting Strength, Psi. 2200 2000 — 1600 
Water Absorption (24 Hr.), % 60 50 4.0 120 
Ash 0.75% 0.50% —_— 5% 
Dielectric Strength (BD), VPM 500 500 700 250 
Dielectric Strength (79%MC), VPM 200 400 —- 225 
ARC Resistance (Sec.) 75 130 25 115 
Rockwell Hardness (R Scale) 85 70 — — 
Oil Resistance Excellent Good Excellent Poor 

















on such items as washers, gaskets, 
insulating inserts, and so on where 
waste assumes formidable propor- 
tions. 

In drawing, forming or shaping 
Duroid parts, either a punch press or 
hydraulic press can be employed. The 
punch press is faster, but is limited 
in the depth of draw and in the 
forms it can accommodate. Hydraulic 
press fabrication is preferred if a 
dwell in the die under pressure is 
necessary to secure a desired form. 

As with other fibrous materials 
capable of being formed, little actual 
draw is realized with the Duroids, of 
the type obtained in forming metals 
where the cross section is decreased 
in thickness and the material 
stretched. This factor imposes a defi- 
nite limitation on the depth to which 
a part can be drawn. The usual yard- 
stick applied is that the depth of 
draw should not exceed one-third the 
diameter of the part, although this 


limitation does not apply on small 
parts with diameters less than 114 
in. Here the ratio of draw to dia- 
meter can go as low as 1:1. In terms 
of absolute measurement, a draw 
depth of 1%4 in. can be achieved 
on a ratio of draw to diameter of 1:3. 

In common with other fibrous ma- 
terials, the Duroids are affected by 
high and low humidity, and have a 
fairly high rate of water absorption, 
the degree being determined by the 
formulation. However; as mentioned 
previously, types are now available 
with relatively low water absorption. 
For certain applications, after-treat- 
ments, such as waxing or painting, 
are desirable to obtain greater di- 
mensional stability. 

Practically any type of finish can 
be applied to the Duroids. They can 
be impregnated, saturated or coated, 
depending upon the type of part 
treated and the type treatment speci- 
fied. Waxes, varnishes, paints, phe- 


Wax dipping of Duroid parts imparts to them low water absorption rates. 








nolic resin coatings and rubber coat. 
ings can be sprayed or applied by 
dipping. 


Typical Applications 


The following case histories jllys. 
trate the potentialities of the Duroids 
and the ways in which, because of 
their particular advantages, they were 
able to solve certain problems. 

Structural Electrical Insulation~ 
The problem here was to find 
material with the desired dielectric 
characteristics and strength enough 
to stand a severe torque. The manv- 
facturer not only required submission 
of the material to a torque test but 
to a drop test as well to determine 
impact resistance. The material was 
required to take these tests after be- 
ing subjected to a temperature of 450 
F for 5 min: A paper-base phenolic 
was used first, but because of exces. 
sive breakage on both torque and 
impact tests, it was discarded. Duroid 
200 met both tests with margin to 
spare. Duroid was also less expensive 
than the phenolic material. The man- 
ufacturer not only realized a saving 
in initial material expense, but in re- 
jection costs on an item whose pro- 
duction ran into the millions. 

Flashlight Lens Gasket—This part 
was needed to protect the lens guard 
when the lens guard was screwed 
tightly onto the metal case. It had 
to have a thin wall section, 0.125 in, 
on one side and had to be bent upon 
insertion. Duroid 100 met require- 
ments, its lack of brittleness permit- 
ting insertion without breakage. Be- 
sides providing the desired part, 
and eliminating rejection costs, Dur- 
oid contributed additional savings be- 
cause of its reclaim value. In punching 
a part of this type, about 80% of 
the material used is normally scrap. 

Electrical Fitting Insulation—In 
this instance, the manufacturer 
wished to replace, at lower cost, 4 
phenolic fitting. A metal part was 
designed which required inexpensive 
but satisfactory insulation. Plastics 
such as polystyrene and nylon were 
tried, but, while they afforded ideal 
insulating qualities, they were 00 
expensive for the purpose. Duroid, 
treated with a phenolic varnish to 
provide required resistance to humid- 
ity changes, enabled the manutac- 
turer to put his new fitting on the 
market at low cost. 

From the typical applications just 
described, it is evident that the 11 
herent versatility of the materials 
adapt Duroids to a wide rang’ of 
different uses. 


MATERIALS & METHODS 
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Grits from agricultural residues, such 
as corncobs, rice and nut shells, can 
be used in conventional blasting 
equipment for degreasing, removing 
welding scale, and cleaning metal sur- 
faces prior to plating. 


@ TROUBLESOME, AS WELL AS ex- 
pensive, Cleaning problems continu- 
ally arise during manufacture and 
maintenance of many items, such as 
automotive and aircraft engines, 
electrical equipment, chemical and 
food processing equipment, and ma- 
chine parts. Poorly-chosen cleaning 
methods can Cause scrapping of parts 
and the loss of considerable number 
of man-hours. Furthermore, such 
methods might well account for ex- 
pensive plant shut-downs. In many 
cases such losses can be minimized, 
if not eliminated entirely, by the 
use of soft grits in conventional 
sand-blasting equipment. The method 
is essentially foolproof; involves no 
toxic liquids or flammable solvents, 
and is four to ten times faster than 
older methods. Machine components 
cleaned by the soft-grit method re- 
quire no additional machining or 
htting for re-use. 

Soft grits from corncobs were de- 
veloped by the Northern Regional 
Research Laboratory for use by the 
Bureau of Aeronautics of the Navy 
for cleaning and salvaging aircraft 
engines during World War II. Clean- 
ing action of the cob grits was fur- 
ther accelerated by the addition of 
tice hulls. This combination, after 
considering availability, first cost, 
period of usefulness, and operating 
efliciency, was adopted and widely 
used for cleaning airplane cylinders 
and pistons with no change in dimen- 
‘ions and no pitting action. 

In addition to corncobs, several 
other types of agricultural residues, 
Particularly the shells of nuts and 
fruit pits, are known to possess physi- 


> Characteristics quite similar to 
be ‘ cob grits. Of these, grits 
rom 


ricot pit shells were used by 
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Soft Grits Provide Low Cost Method 


for Blast Cleaning Metals 





the Army during World War II. 
Grits from coconut shells were pro- 
duced and used by the Navy at some 
tropical stations. Recently grits from 
the shells of pecans, English and 
black walnuts, and peach pits have 
become available in commercial quan- 
tities, and presented below are the 
results obtained in a study of the 
efficiency and durability of grits from 
11 of the more readily available 
materials used with and without rice 
hulls (see accompanying table). 

The grits for this investigation 
were prepared by grinding the various 
shells in either a hammer mill or an 
attrition mill. The ground products 
were classified on vibrating screens 
to be essentially finer than No. 12 and 
coarser than No. 30 (U. S. Standard 
sieve sizes). Dust and low-density 
components were removed by aspira- 
tion. The corncob grits were commer- 
cially available materials furnished by 
a custom grinder. These were used 
as received, after screening and after 
air-separation. The mixtures of grits 
and rice hulls were in the proportion 
9 to 5. This proportion was used in 
preference to the usual 744 to 5 for 
cob-rice hull mixtures because of the 
greater density of the shell grits. All 
tests were conducted with conven- 
tional suction-type sand-blasting 
equipment, provided with compressed 
air at 90 psi. 


Characteristics of Various Grits 


The comparative useful life of the 
various grits was estimated by blast- 
ing the grits at right angles to the 
surface of a steel plate for 1 hr. 
Distance between the blast nozzle and 
the steel plate was 5 in. Loss of grits 
as fines and dust removed by the 


by T. F. CLARK and E. C. LATHROP, 
Northern Regional Research Laboratuiy, 
U. S. Department of Agriculture 


exhaust system was calculated from 
the material remaining in the blasting 
booth at the end of the 1-hr. period. 
Change in particle size of grits, de- 
termined by sieve analyses before and 
after blasting, supplemented the ob- 
servations on fines and dust removed. 
Durability, as indicated by the amount 
of dust and reduction in the quantity 
of No. 30 grits, is shown for 11 dif- 
ferent grits in the table. 

Determinations for cleaning efh- 
ciency or abrasive character were 
made by blasting the grits or the 
grit-hull mixtures against steel panels 
coated with six layers of baked-on 
resin-base paint until the paint film 
was penetrated. In these tests the 
blasting nozzle was held 3 in. from 
the panels. The time, in seconds, re- 
quired for penetration was considered 
the measure of cleaning efficiency. 
Results of these tests for the 11 grits 
with and without rice hulls are also 
presented in the table. 

Grits selected for a given cleaning 
problem must not pit or scar the 
surface of the metal being cleaned. 
To evaluate the grits in respect to 
pitting, polished brass and aluminum 
panels were blasted for periods of 
5 min. with each of the various grits. 
The 5-min. exposure of the metal 
panels to the action of the grits is 
longer than customary in normal 
cleaning practice, but was used to 
permit development of significant 
patterns on the surface of the 214-in. 
test squares. The surface finishes ob- 
tained by the use of the various grits 
are illustrated in an accompanying 
figure. Pitting observed during pre- 
liminary tests was shown to be caused 
by inclusions of metal particles not 
removed in the preparation of the 
grits. Preparation was modified sub- 
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sequently to remove steel inclusions 
by magnetic separation before use. 
When rice hulls were used in con- 
junction with the grits, a satinlike 
finish resulted. 

The various factors involved in 
blast cleaning permit modification of 
the method to meet immediate cir- 
cumstances. Combinations of grits 
and hulls may vary over a wide range, 
for example, from proportions of 90 
parts grits and 10 parts rice hulls to 
35 parts grits and 65 parts hulls. Air 
pressure used can be varied to change 
the character of the surface finish. 
Effectiveness of cleaning is altered 
by the angle of impingement, accord- 
ing to Stoker, who used silica sand 
in blasting studies on black iron. 

While the durability or life of grits 
from the shells of nuts and fruit pits 
is somewhat less than for clean, dust- 
free corncob grits, the cleaning rate 
is faster and efficiency is greater. 
Thus, in the case of shell grits alone, 
the efficiency might offset their 
shorter life. The relative efficiency of 
the grits in respect to corncob grits 
is less pronounced when the grits are 
used with rice hulls. Grits from cherry 
pit shells, while very effective in 
cleaning by the blasting method, are 
quite friable and disintegrate readily 
to a fine powder. 


Methods of Cleaning 


One equipment manufacturer re- 
cently introduced a moderately- 
priced, pressure-type blasting unit 
designed specifically for use with soft 
grits from agricultural residues. Ac- 
ceptance of this equipment by large 
industries, such as steel mills and 
manufacturers and users of electrical 
equipment, for degreasing and clean- 
ing large electric motors and genera- 
tors, was almost immediate. Grits, No. 
20/60, from corncobs or hardwood 
sawdust are preferred materials for 
degreasing because of their absorben- 
cy and efficiency in cleaning electrical 
equipment without deleterious effects 
on the insulation and windings. The 
former method of degreasing and 
cleaning electrical equipment necessi- 
tates the use of toxic and inflammable 
solvents. In some instances, this has 
resulted in fatalities even among em- 
ployees not associated with the actual 
cleaning operations. A physician re- 
ports that only those individuals in 
the immediate vicinity (10-ft. radius ) 
of the blasting need wear protective 
devices. This, of course, is for clean- 
ing done in the open without hoods. 

The soft-grit method of cleaning 
not only eliminates the hazards sur- 
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Results of Tests on Soft Grits 


Penetration of paint films, and change in particle size, including dust formed duri 
cleaning by soft grits. 


Ng blast 























: Total Material 
Penetration Time, Sec. or — 30 Sieve 
: — ——___—— | Dust Re- efore | Aft 

Tee Oe Grits | Grits Plus | moved in Blasting, | Hr. Sle 
Only Rice Hulls | 1 Hr., % % | ing’, % 

Hardshell Almond Shell 9 7 2.9 $2 | 267 
Softshell Almond Shell 9 7% 2.1 39 | 512 
Apricot Pit Shell 114 7% 6.2 42 | 31] 
Cherry Pit Shell 7 3 39.7 4.1 83.9 
Coconut Shell 4 4\y 4.7 eee 

Corncob, Commercial | | 

As Received | — | _ 4.4 3.0 | 238 
Screened | — — 5.6 10 | 158 
. 22 20 1.8 1.1 6.2 
Air-separated 22-35 10 19 31 143 
Filbert Shell 644 5\Y 1.3 2.4 28.7 
Peach Pit Shell 5% 5 1.7 48 18.6 
Pecan Shell SY 7 t.2 3.6 12.1 
Black Walnut Shell 4 4 es 3.8 22.0 
English Walnut Shell 5 5 2.9 > Ne ee 

















1 Dust removed in 1 hr. has been included in these values. 


rounding the older methods, but is 
considerably more economical in 
respect to time and materials. The 
time required to degrease and recon- 


dition electrical equipment by this 
new method is only a fourth to a 
third of that required by older meth- 
ods. The soft-grit method is a dry 


Conventional equipment is reported suitable for soft grit blast cleaning of metals. (Courtesy 
The American Wheelabrator & Equipment Corp.) 
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-ion, and long periods of drying 


opera 
_" not required before the equipment 
can be replaced in service. Surfaces 
are ready immediately for painting or 


varnishing. The low cost of the soft 
grits allows: for their disposal after 
one use. This last factor should be a 
major consideration in food proces- 
sing industries where freedom from 
contamination and toxic materials is 
of prime importance. io | 

The effectiveness of soft grits is the 
same regardless of the size of the 
object to be cleaned. For objects too 
large to be placed in conventional 
booths, portable blast units can be 
used at the site of the equipment. 
Since the low cost of grits allows for 
their disposal after being used once, 
no elaborate shielding is required to 
prevent loss of the used grits. 

Producers of soft grits are cau- 
tioned to use extreme care in prepar- 
ing grits. Physical character of the 
crits and freedom from extraneous 
materials are highly important. Tramp 
metal, of course, must be removed 
before grinding is done, and the 
finished grits should be passed over 

magnetic separator just prior to 
packaging to remove particles of steel 
that might originate from grinding 
disks, rolls or hammers. 


Applications 


Availability of inexpensive equip- 
ment designed to handle soft grits 
should extend the adoption of this 
method of cleaning to the metal 
working industries and to automotive 
service stations, machine shops and 
the smaller maintenance and repair 
shops. For general cleaning other than 
of electrical equipment, the grits from 
nut and fruit pit shells, with or with- 
out rice hulls, are satisfactory. 

Welding scale is effectively re- 
moved from fabricated steel plate by 
grit-rice hull mixtures, and the 
cleaned surface of the metal is con- 
sidered satisfactory for subsequent 
painting. Rice hulls appeared to be 
an essential component of the blast- 
ing mixture for this purpose because 
lone fail to remove the colored 


oxide film under the welding scale. 
Because soft grits do not cause pit- 
ting, this method appears to be su- 
perior to the practice of using steel 
grits. Pitted surfaces resulting from 
use of steel grits cause early failure 


sequently applied paint films. 
shing metal surfaces by means 


Of soft-grit blasting at present is not 
recommended when gloss or high 
lus s desired. Blast cleaning re- 
Moves minute films of metal or metal 
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Surface finishes obtained by blasting various soft grits against a panel of polished aluminum. 

All grits were No. 12/30. Nos. 1, 4, 13, 16: Control panels. 2. Hard almond shell. 3. Apricot 

pit shell. 5. English walnut shell. 6. Red corncobs. 7. Soft almond shell. 8. Pecan shell. 

9. White corncobs. 10. Filbert shell. 11. Red corncob-rice hull mixture, 9:5. 12. Coconut 
shell. 14. Black walnut shell. 15. Peach pit shell. 


oxides, thereby exposing fresh metal 
surfaces. Hot-dip tinned and other 
plated parts acquire a satin finish even 
under extremely mild blasting condi- 
tions. Modification of grits and tech- 
niques in respect to angle of impinge- 
ment, quantity and size of grits in air 
stream and other factors may result in 
acceptable polishing and burnishing 
procedures. 

Blast cleaning of metal surfaces 
prior to plating or galvanizing is 
another suggested application for soft 
grits. Cleaning by soft-grit blasting is 
particularly effective where the sur- 
faces of the metal under its coat of 
dirt, scale, carbon, etc., should remain 
unchanged or otherwise unimpaired. 

Equipment or machines covered 
with deposits of grease, oil or dirt 
during normal operation, as well as 
articles coated with metal preserva- 
tives Or rust preventives for storage 
or shipment, are readily cleaned for 
continued operation, assembly, or 
painting. The greases, gums, waxes, 
asphalts or varnishes present in pre- 
servatives cause no difficulty of re- 
moval by the soft-grit method. For 





such application, discarding the grits 
after one use may be advisable to 
maintain the method at peak effici- 
ency and avoid contaminants which 
might ultimately result in blemishes 
on the surfaces. This procedure still 
represents considerable economy com- 
pared to cleaning with solvents. 
Removal of greases, oils and abra- 
sives from plate glass by soft grits, 
particularly those of corncobs, has 
been accomplished without damage to 
the polished surface. However, rice 
hulls in the soft grits will cause a 
frosted or etched surface similar to 
that obtained with fine emory dust. 
This was as anticipated because of the 
abrasive character of the rice hulls. 
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Strong Ductile Alloy Steel Permits 
Weight Saving in Structural Parts 


by D. A. SHINN, 


Materials Laboratory, Wright-Patterson Air Force Base 


@ THE ELIMINATION OF excess 
weight in aircraft is of such great im- 
portance that it cannot be over em- 
phasized. An idea of weight penalties 
can be obtained from the fact that for 
a heavy bomber, several pounds of 
gasoline are required to propel each 
additional pound of airplane to and 
from its destination. Thus, the saving 
of a pound of dead weight will, in 
effect, save several pounds. 

In trying to save weight the de- 
signer has three structural metals 
with which to work—aluminum and 
magnesium alloys and steel. In the 
case of steel, SAE 4340 has been 
most prominent in aircraft structural 
applications in the range of strength 
between 200,000 and 240,000 psi. 
In the past couple of years a new 
patented steel, designated Hy-Tuf 
and produced by Crucible Steel Co., 
has been introduced. This new steel 
has high ductility and impact values 
at high strength levels (220,000 to 
240,000 psi.) and should aid mate- 
rially in weight reductions. This ar- 
ticle presents information on the 
hardness, impact resistance and 
notched and unnotched tensile and 
fatigue strengths of this steel at room 
and subzero temperatures. Some data 
of this type have been published but, 
so far as is known, this is the first 
time that all of the data presented 
have been determined on one lot for 
each material by one investigator. 
The tests were made by the Ohio 
State University Research Founda- 
tion on contract to the Air Materiel 
Command. 

While steel is the subject of this 
paper, a brief comparison should be 
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made at this time between it and the 
two nonferrous materials. The major 
aluminum and magnesium alloys are 
delivered to the aircraft company at 
a given strength for each specific ma- 
terial and nothing can be accom- 
plished by the designer to increase 
that strength. The only alternative is 
the continuing attempts to improve 
the efficiency of the design and hope 
for higher strength materials in the 
future. However, in the case of steels 
the designer has a fairly wide 
strength range at his disposal and 
may use parts in which the material 
is heat treated to well over 200,000 
psi., provided he can meet the limi- 
tations involved. As a result of this 
versatility, steel is being exploited at 
the high strength levels for all the 
benefits that can be obtained. There 
arey of course, difficulties involved 
and, as usual, they have not remained 
dormant. Steels used in structural 


The impact properties at high strength 
levels of Hy-Tuf, a relatively new nickel. 
chromium-molybdenum steel, compare 
favorably with those of SAE 4340 and 
suggest its use for such critical applica- 
tions as aircraft structures. 


parts stressed to high loads are in- 
clined to display a tendency toward 
failures at points where combined 
stresses are present, and the need for 
ductility is manifest in such cases 
One of the most important appli- 
cations of steels of the types exem- 
plified by Hy-Tuf and SAE 4340 
is in aircraft alighting gear. These 
structures are dead weight once the 
airplane is in the air and must there- 
fore be as light as possible but still 
support high loads applied at very 
rapid rates under complex stress con- 
ditions when the airplane is landing. 
Since increased rates of loading are 
somewhat similar in effect on me- 
chanical properties as decreased tem- 
peratures, the effect of the low tem- 
peratures as given in the tables 
and figures accompanying this article 
should furnish an indication of the 
relative effect of high rates of load- 
ing on Hy-Tuf and SAE 4340 parts. 





Description of Steels 


The two steels that were tested had the following chemical arialyses: 


GC Mn Si 


Hy-Tuf 026 1.26 1.37 
SAE 4340 046 0.70 0.29 


The Hy-Tuf was austenitized at 
1575 F, oil quenched and tempered 
at 550 F. The SAE 4340 was heated 
1 hr. at 1550 F, oil quenched and 
tempered 14 hr. at 800 F. Both mate- 
rials were furnished and treated as 
3%4-in. rounds, the Hy-Tuf being re- 
ceived in the annealed and the SAE 


P S Ni Cr Mo 


0.016 0017 1421.91 0.09 03 
0.018 0.031 1.78 095 0.23 


4340 in the hot rolled condition. 

It should be noted that the Hy- 
Tuf was tempered at a temperature 
250 F below that used for the SAE 
4340 (550 and 800 F) which may 
be enough to have resulted in more 
internal stresses in the Hy-Tuf. The 
lower yield strength and proportional 
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inie of the Hy-Tué may be. in 
dicative of this condition, the yield- 
ultimate ratio being 0.85 for the 
Hy-Tuf "me 0.93 for SAE he 
ever, if tempering temperatures 
* and 750 F are used. for the 
Hy-Tuf, yield-ultimate ratios of 0.87 
and 0.90 are obtained (Crucible 
jata sheet DS185) since the yield 
sength remains at a nearly constant 
value of 190,000 to 195,000 psi. 
while the ultimate strength decreases 
from 231,500 to 210,000 psi. It 
may, therefore, be desirable to use 
these higher tempering temperatures 
(since the yield is nearly as high as 
obtainable) if internal stresses are 
thought to be critical in a particular 
application. ' 
In any case, it would seem desir- 
able that Hy-Tuf be investigated at 
the high strength levels for the effect 
of any residual stresses which may be 
present, since the high impact values 
indicate possibilities for use of the 
steel heat treated to these strengths. 
A further factor which must be con- 
sidered is that Air Force-Navy Aero- 
nautical Specification AN-H-201 lists 
a minimum tempering temperature 
f 700 F, unless specific approval is 
obtained for lower temperatures, for 
all steels except SAE 4340 and 6150, 
for which it is 650 F. 
All tests were made at room tem- 
perature and liquid nitrogen temper- 


ature (—320 F); hardness and im- 
pact tests were also made at liquid 
hydrogen temperature (—423 F). 
The specimens were immersed in the 
appropriate liquid (acetone and dry 
ice, liquid nitrogen, liquid hydrogen, 
etc.) at the time each test was made. 
Tension tests were made in an Olsen 
universal testing machine using SR- 
4 electric strain gages. Fatigue tests 
were made in Krouse cantilever plate 
testing machines using a round speci- 
men. Impact tests were performed in 
a 220-ft.-lb. capacity testing machine 
having an impact speed of 18.1 fet. 
per sec. and hardness tests in a Vick- 
ers Hardness testing machine using a 
pyramidal diamond. The tension and 
fatigue specimens both were 0.300 
in. in dia. for unnotched specimens 
and also at the root of notched speci- 
mens. The 60-deg. notch in both 
cases was 0.025 in. deep with a 
0.010-in. radius at the bottom. The 
standard keyhole notch was used for 
Charpy impact specimens. 


Comparison of Properties 


The results of tension tests are 
shown in the accompanying table. It 
will be noted that the room tem- 
perature unnotched values are prac- 
tically identical, making the com- 
parison of other values between the 
two materials as valid as possible if 
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Fig. 1—Effect of temperature on hardness 
and impact values of Hy-Tuf and SAE 4340 
steels. 


based on such original values. The 
true ultimate strengths were some- 
what different, that for Hy-Tuf being 
a little higher than SAE 4340. 

The test results showed that the 
modulus of elasticity of Hy-Tuf in- 
creases somewhat more with temper- 
ature decrease than SAE 4340, but 
the differences may not be signifi- 
cant. Other increases in tensile values 
of unnotched specimens were more 
or less similar. However, ductility 
in the SAE 4340 is more severely 


Fig. 2—Effect of temperature on fatigue strength of Hy-Tuf and SAE 4349 steels. 
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Properties of Hy-Tuf and SAE 4340 Steels at Room 


Temperature and —320 F* 















































Red. in | Elong. | Elong. 
Mod. of | Ult. Str.,| Yield Str., | True Ult.* | Area, | in 1.2 in “% 
Elas., Psi. Psi. 0.2%, Psi. | Str., Psi. % In., % | In., % 
Unnotched 
Hy-Tuf 29.8 x 10° | 231,500 | 196,200 | 346,000 44 11.6 — 
SAE 4340 | 30.7x10°| 231,000; 214,000 315,000 46 11.7 -—— 
Notched 
Hy-Tuf — 294,000 — 312,000 7.4 2.4 4.9 
SAE 4340 — 283,000 —- 294,000 3.6° 0.8 3.9 
at —320 F 
Unnotched 
Hy-Tuf 31.3x 10° | 283,000 | 233,000 | 383,500 33 12.0 — 
SAE 4340 30.9 x 10°| 288,000 | 267,000 323,000 ll 4.1 -— 
Notched 
Hy-Tuf -— 304,500 ~- 309,500 2.4 0.4 1.8 
SAE 4340 — 271,500 — 279,500 Ais 0.4 1.3 











1 Each value is the average of two or more tests. 


2 Load at fracture divided by area at fracture. 
3 At root of notch. 


affected than for MHy-Tuf. For 
notched specimens the Hy-Tuf in- 
creases in strength and the SAE 4340 
decreases in strength with temper- 
ature decrease. However, while the 
Hy-Tuf shows higher notched duc- 
tility at room temperature, at —320 F 
the two materials are comparable. 
The change in hardness for the 
two materials was found to be sim- 


ilar, the outstanding feature being 
the sharp increase for both between 
—320 and —423 F, this increase be- 
ing more than three times as much 
as the increase between +77 and 
—320 F. The results are shown in 
Fig. 1. It will be interesting to learn 
the effect of this additional decrease 
in temperature on mechanical prop- 
erties. These tests are being initiated. 


Micrographs showing metallurgical structure of Hy-Tuf. Left, acicular ferrite formed in 
20 min. at 800 F. Right, Bainitic transformation product formed in 20 min. at 700 F. 
(Courtesy Crucible Steel Co. of America) 
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The results of Charpy keyhole jp, 
pact tests are also shown in Fig. | 
and indicate no spectacular chap . 
in values between —320 and —4)3 } 
as exhibited by the hardness value, 
The figure shows the rather marke 
superiority of Hy-Tuf over Sap 
4340 in the impact values, especially 
at temperatures down to —320 F — 

Fig. 2 shows the effect of temper. 
ature and notches on the fatigue 
strength of the two materials. There 
seems to be no appreciable advantage 
for one material over the other x 
either room or low temperature jp 
the unnotched condition. The only 
comment worthy of note for thi 
condition is that the low temper. 
ture tends to straighten out the knee 
of the curve. slightly for both ma. 
terials. This effect is much more pro- 
nounced for the notched specimens, 

Notching alone gives a slight ad. 
vantage to the SAE 4340 material 
at large numbers of cycles and to 
Hy-Tuf at low numbers of cycles 
However, at low temperature the ad. 
vantage is in favor of Hy-Tuf at all 
numbers of cycles. An important 
point relative to both materials ‘s 
the rather sharp decrease from room 
to low temperatures in the number 
of cycles to failure at the higher 
stresses. For example, at 100,000 psi. 
Hy-Tuf fails in 3700 cycles at —320 
F and goes seven times as long, or 
to 25,000 cycles, at room tempera 
ture. This condition does not arise 
in nonferrous materials like 24S-T} 
and 75S-T6 aluminum alloys nor in 
some steels, e.g., Type 302 stainless 
cold worked to 210,000 psi. Thus, 
contrary to the usual strength be- 
havior, the notched fatigue strength 
at high stress levels of Hy-Tuf and 
SAE 4340 are lower at low temper 
atures than at room temperature. The 
fatigue data are rather limited, but 
the values are reported in order 00 
give an indication of the behavior of 
the two materials under fatigue load- 
ing. All tests were made on speci- 
mens derived from 34-in. rod and 
may or may not reflect the relative 
behavior of the two materials when 
produced in the form of structural 
parts. 

In summary, the data reported 
here indicate that Hy-Tuf has better 
notched bar strength, better ductil 
ity, better notched tensile strength, 
and, possibly, better low temperature 
notched fatigue properties than SAE 
4340 steel. Although Hy-Tuf is the 
only steel of its type so far tested, 
there are other steels becoming avail: 
able for which are claimed the a4 
vantages of Hy-Tuf. 


MATERIALS & METHODS 
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Many different insulating 
compounds now available can 
be molded or cast around elec- 
trical devices, such as small 
magnet coils, to produce a 


higher quality product. 


e@ IN RECENT YEARS much thought 
has been given to molding or potting 
materials which can be molded or 
cast around the entire exterior of 
small magnet coils. Such insulating 
compounds in many cases can re- 
place the older conventional mate- 
rials, such as papers, tapes, cloth, 
fiber, mica, pre-fabricated spools, or 
separately molded phenolic spools of 
conventional construction. 

The advantages of completely en- 
casing a coil in a molding compound 
are: 


Dimensionally very uniform. 
Neatness of appearance. 
Mechanically very rugged. 

i. Strongly resistant to humidity 

or other deteriorating factors 
such as fungi, termites, oil, or 
salt water splash. 
Excellent heat transfer charac- 
teristics. This means more am- 
pere turns per volume, or a 
smaller overall package. 

6. As more work is obtained from 

less material, a cost reduction 

may be expected. 

Sales appeal. 


Many different materials are avail- 
able for use in the making of molded 
coil designs. In general, they may be 
classified as (1) cold molding or pot- 
ting materials, and (2) hot molding 
materials. 


Cold Molding Materials 


se are materials that are fluid, 


either at room temperature or with 
some degree of pre-heating. Coil de- 
signs in which these materials are 
utilized (Fig. 1) often provide some 
mei 


inical means of retaining the 


MA 
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Coil Designs Improved by Use of 


Cold and Hot Molding Materials 








by B. W. ERIKSON, Control Engineering Div., General Electric Co. 


Fig. 1—Some examples of coils encased with cold molding compound. 


compound in the coil structure and 
around it. This may be done by so 
arranging the insulation materials, 
that the compound does not drain 
away, or by placing the coil in a 
temporary mold. If the compound is 
poured in an open type mold, setting 
up of such compounds may be ac- 
complished either by heat or with the 
addition of chemical accelerators. 
This, of course, also applies to coil 
designs where the compound is re- 
tained by the mechanical construc- 
tion of the coil, as shown in Fig. 2. 
Most molding compounds available 
and described in this article will set 
in a fairly short period of time if 
mixed with the proper accelerators 
with or without additional applica- 
tion of heat. 






Materials commonly used for cold 
molding processes are: 


l. Asphalts 

2. Waxes 

3. Styrene casting compounds 

4. Castor oil-butyl methacrylate 
compounds 

5. Inorganic compounds (con- 


crete, expandotite ) 
6. Polyvinyls 
7. Phenolic compounds 


Each one of these materials has 
advantages and disadvantages. For in- 
stance, the asphalts and waxes soften 
at fairly low temperatures, approxi- 
mately 167 to 212 F. The inorganics 
are usually hard, even brittle, and 
tend to shatter under impact. They 
are also water absorbent. The poly- 
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Fig. 2—In coils of the design shown here, molding compound is retained by the mechanical 
construction of the coil. 


vinyl type of materials do not rate 
above 194 F for continuous opera- 
tion, and harden and shrink with 
temperature aging. 

In comparison to these materials, 
the styrene or castor oil-butyl metha- 
crylate compounds are by far the 
best. Compositions are here available 
for continuous service at temperatures 
up to 300 and down to —60 F. 
Shrinkage is in the order of 2% or 
less by volume. All degrees of hard- 
ness from rubber consistency to quite 
hard, almost brittle compositions are 
obtainable. These materials are stable 
over long periods of time, and offer 
excellent resistance to moisture, 
acids, oils and alkalies. Another ad- 
vantage is that they do not tend to 
sag at elevated temperatures, nor are 
they subject to cold flow. For typical 
appearance of coils before molding, 
see Fig. 4. 

Variations of the above materials 
can be produced with the addition of 
inorganic fillers, such as silica flour 
(sand), talc, or others. Such addi- 
tions are used to produce less shrink- 
age, to improve heat transfer, change 
viscosity, increase mechanical 
strength, or to reduce cost. Actual 
percentage of filler most desirable for 
a particular application must be de- 
termined by test. No method is avail- 
able for pre-calculating the effect of 
such changes. 

The principal advantage of the 
cold molding materials is that they 
require no appreciable pressure for 
the molding or potting operation. 
This is often a determining factor in 
a new product, as many coil designs 
are of such a nature that any sizable 
pressure in the molding operation 
would distort or damage the winding 
structure. This applies in particular 
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to paper layer wound designs. 

In some cold molded designs, 
where the available cross-section of 
molding material is not great, frac- 
ture difficulties may be experienced 
either during the time when the 
compound is setting or in subsequent 
operation. To protect against this, it 
becomes desirable to reinforce such 
sections, and this is readily done by 
the addition of glass fiber, tape, or 
glass matting. These materials are 
particularly suitable for such pur- 
poses as they are thin and light and 
add strength out of all proportion to 
their size. There are, of course, other 
reinforcing materials, but the glass 
products in actual production have 
proven much the best. 

The cold molding compounds are 
particularly attractive to the designer 
of industrial coils, in that molds for 
these can be produced at very low 
cost.. This fact permits the use of 
these materials for relatively low 
production items where mold costs 
normally associated with plastic parts 
could not be tolerated. 


Fig. 3—Some examples of coils 
made with hot molding mate- 
rials. 





Inexpensive molds can be made jp 
several ways. The most practical js to 
obtain a pattern from wood, plastics 
or metal, and then to cast this pattern 
in Woodsmetal, Kirksite (Al-Zn), o, 
a polyvinyl compound. These molds 
can be made in sections or in one 
piece by supplying proper knockoyr 
pins. Many molds can, of course, be 
made from the same pattern. 


Hot Molding Materials 


Hot molded plastics of the wood 
flour or cotton flock type have been 
used as coil spools for many years. 
However, as molding pressures are in 
the order of 2000 psi., these materials 
are not suitable for molding a plastic 
shell around the exterior of a coil 
winding similar to that produced 
with the potting compounds de. 
scribed previously. Several early at- 
tempts to hot mold small magnet coil 
designs with conventional phenolic 
plastics invariably produced severe 
distortion of the coil wires, and in 
most cases actual destruction. Mold- 
ing materials of suitable character- 
istics and with much lower molding 
pressures were meeded. In recent 
years, materials which meet most of 
these requirements have become 
available. Some of these are: 


1. Polyethene 

2. Butyl rubber, and other nitrile 
and phenolic synthetic rubbers 

3. Tung oil jells 


Even these materials constitute 
only a partial answer to the problem 
of hot molding or completely encas- 
ing small magnet coils in a protective 
shell. The polyethenes, which are in- 
jection molded in the liquid state, 
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have relatively poor temperature re- 
sistance. These materials should not 
be used above 212 F, and above 167 
F they are subject to some cold flow 
under stress. The polyethene mate- 
rials are the only well-known ones 
available to the coil designer for 
complete hot molding of small paper 
layer wound coils. The molding pres- 
sure is practically zero, and no me- 
chanical distortion takes place. Prac- 
tically all other similar materials 
which are suitable in this tempera- 
cure range have much higher mold- 
ing pressures and, therefore, cannot 
be used. 

Where molding pressures are not 
objectionable, such as in solid copper 
bar coil designs, several other mate- 
rials come into the picture. The more 
popular of these are the rubber for- 
mulations mentioned previously. 
Compounds of this type have been 
used for current transformer designs, 
and for other heavy wire series rated 
coils where the molding pressures do 
no damage. For examples of hot- 
molded coils, see Fig. 3. 


Cost Factors 


The molding materials described 
in this article are relatively inexpen- 
sive on a pound or gallon basis. How- 
ever, they require a manufacturing 
process different from normal. This 
usually also includes some special fix- 


tures or tools. These facts indicate 
that the most advantageous applica- 
tions of these materials may be found 
in large production items where 
above normal quality is necessary. 

Once a process has been estab- 
lished in a working area, it will be 
found that certain cost reductions re- 
sult. These are usually due to the 
omission of conventional finishing 
materials that are no longer neces- 
sary, and, in many cases, reductions 
in actual labor content per unit. 

It should, however, be borne in 
mind that after a molding material 
and its process of application has 
been selected, a whole new concept 
of coil manufacturing must be 
learned. This requires close coopera- 
tion between engineering and factory 
personnel. 


Service Applications 


Several coil designs of the types 
described above are in current pro- 
duction. Some of these known to the 
writer have been out for two years or 
more and have shown themselves to 
be very high quality designs with 
more than usual endurance on severe 
duty cycles. 

One solenoid application which 
has been successfully met with the 
cold molded design shown in Fig. 1 
requires operation at the rate of 600 
per min. Another design of a similar 


type shown in Fig. 2 is rated on the 
basis of a minimum life expectancy 
of 10,000,000 operations. This is 
far above the performance of conven- 
tional paper layer wound or random 
wound small magnet coil designs. 

The above field experience paral- 
lels earlier model testing on a labora- 
tory basis. These tests consisted, in 
the case of the coils shown in Fig. 2, 
of subjecting sizable groups of these 
coils to a temperature aging-humid- 
ity cycle followed by actual operation. 
The test cycle used for this particular 
design consisted of three weeks aging 
in an oven at 300 F, followed by 
500,000 operations, one week at 
100% relative humidity, 10,000 op- 
erations at rated voltage, and a repeat 
of the cycle. This laboratory test, 
which was taken in conjunction with 
additional operating tests in which 
10,000,000 operations were obtained 
on large groups of coils without tem- 
perature and humidity, was com- 
pared with similar data obtained for 
more conventional designs. In every 
case, the cold molded or potted coil 
design would outlast and out-wear 
the others in a ratio of approximately 
2:8. 

Much additional test data are 
available for other designs, but these 
two, as shown in Figs. 1 and 2, are 
representative of the results which 
may be obtained by designs of this 
nature. 


Fig. 4—Typical appearance of coils before potting or molding. 
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Materials at Work 


Here is materials engineering in action .. . 
New materials in their intended uses . . . 
Older, basic materials in new applications . . . 








NICKEL-CLAD COPPER WIRE Heat resistant, nickel-clad copper wires which combine good electrical conductivity with heat and 
corrosion resistance are being produced in diameters ranging from 0.010 to 0.005 in. by Sylvania Electric Products, Inc. The wires are particu: 
larly well-suited for stranding and for lead wire applications where high temperature working of hard glass frequently renders solid coppe! 


wires brittle and unworkable. A uniform ratio of nickel to copper is maintained through a series of cold drawing operations in which the 
nickel-cladding ranges from 27 to 29%. 


76 MATERIALS & METHODS 





CELLULOSE ACETATE HOUSING 


ing halves, the housing of this electric deodorizer is made from a 
flame-resistant, self-extinguishing type of cellulose acetate. The 
motor, circulating fan, and scent block assembly of the unit is 
mounted in a metal wall bracket by means of four bronze bushings in 
the lower half of the housing. The complete unit deodorizes through 
a principle of dry vaporization as compared to the drip method cus- 
tomarily used. (Photo courtesy Hercules Powder Co.) 


Injection molded in two nest- 


VANADIUM AND AMBERYL SCREWDRIVER = Constructed of 


forged chromium vanadium and break-proot, shock-proof, fire-safe 
Ambery!, this unique tool provides illumination on the work by 
means of a built-in flashlight bulb, battery and directional lucite 
lens. The light operates by turning the knurled knob in the handle 
dome and does not interfere with manipulation of the tool. The 
deep, molded-in flutes on the handle provide a vacuum grip, and 
the flute edges are chamfered. 


ALNICO GRATE Designed to be placed 


in the hopper and readily removable for 
cleaning, this permanent magnet separator 
is manufactured by the Bauer Bros. Co. 
Magnetized Alnico bars and iron spacers 
deflect material and cause the streams of 
flowing material to be sieved, thus enabling 
ferrous pieces and particles, stones and 
other to be effectively 
screened out. The device is primarily appli- 
cable to the handling of coffee, tea, spices, 
grains, nuts, beans, chemicals and other 
flowable materials of sufficient fineness to 
go through the grate. 


foreign matter 
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PLASTIC LOOM BOBBINS —= Replacing mop 
bobbins that required frequent repolishing, thes. 
acetate and propionate quills or loom bobbins ar. 
injection molded. After molding, metal rings gr 
pressed on the outside of the butt of the bobbin ang 
a metal insert is placed in the bore of the butt fo, 
proper alignment in the shuttle of the loom. Aj. 
though the plastic quills cost more than the forme 
wooden types, this price differential is more than 
offset by the longer life and lower upkeep costs of 
the plastic quills, since they wear indefinitely, do 
not warp, chip or shrink in handling, and retain g 
desirable surface. 


CARBIDE-FACED PULVERIZER PEGS — Repicc. 


ing cast pegs in a Riley coal pulverizer, these forged 
steel pegs faced with carbide have shown no appre- 
ciable wear after pulverizing more than 30,000 tons 
of coal. The cast pegs formerly used required re- 
newal after pulverizing 3500 tons. The carbide fac- 
ings are joined to the forged pegs by means of o 
silver brazing alloy in conjunction with a semi- 
automatic gas burner. The brazing set-up has o 
capacity of 100 pegs per hr. 


RUBBER AND FABRIC AIR HOSE = This e- 


tremely flexible and lightweight suction and dis- 
charge hose, specifically designed to handle hoy, 
ensilage, dried leaves, street refuse and other com- 
parable materials, is produced by the B. F. Goodrich 
Co. The hose is suitable for full vacuum and any 
discharge pressures where the material is to be con- 
veyed by a moving air stream, and is one-ply rubber 
and fabric construction, wire reinforced, and has ° 
smooth bore. Recommended uses include vacuum 
blowers, street cleaning equipment, and various ™0- 
chines for handling feathers, cotton, sawdust, cor" 
husks and silk, vegetable peelings and other mote- 
rials of similar nature in agriculture, canning pants 
and industrial applications. 
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Gears of Different Materials 


Finished Without Tooling Change 
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® GEARS OF DIFFERENT materials 


are being precision finished on the 
m4 machines without change in 
toolir 


or cycle time at the new au- 
romatic washer plant of the Maytag 
Co,, ] wton, lowa. The machines are 
manufactured by Michigan Tool Co., 
and are known as 870 “Underpass” 





1950 


View of two gear finishers in operation. 


rotary gear finishers. 

One machine is used to finish two 
mating gears, one of gray iron, one 
malleable iron; the second machine 
is used to finish the main Formica 
drive gear and a steel pinion driven 
by a segment gear which gives the 
reciprocating action to the gyrator. 





The Formica drive gear as well as the steel 
pinion are shaved on this machine without 


change in set-up. 


An idea of the precision obtained 
on the various gears, resulting not 
only in quiet washer operation but 
also in longer gear life, is given by 
the following figures: 


Involute form. within 0.0002-in. max. 
Pitch line . . . . within 0.001-in. max. 
PASBMIOUSE «é-s.00 « within 0.0005 in. 


Production quantities at Maytag 
currently are not such as to require 
the maximum output on each gear 
type possible on the gear finishers. 
Rather, the company has set these 
machines to a cycle time correspond- 
ing to the gear requiring the longest 
finishing time. The same cycle is used 
on gears which do not need as much 
time, avoiding the necessity of re- 
setting the machine by shifting from 
one gear to another. Since “Under- 
pass” finishing is employed—consist- 
ing of a single backward and forward 
movement of the cutter, while cutter 
and gear rotate in mesh—cutting 
time is nevertheless quite low and 
well under 12 min. per gear on ail 


types. : 


















Fig. 1—Menasco’s bend test set-up. (All photos courtesy of Menasco Manufacturing Co.) 
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Rigid Tests Check Quality 
of Pressure Welds 
in Low Alloy Steels 


Simulated service tests, physical tests, and metallographic 
inspection are all depended on to assure reliable welds 
of maximum strength in aircraft landing gear. 


by A. I. NUSSBAUM, Mond Nickel Fellow, London, England 





Fig. 2—Bend test specimen buckles considerably before fracture occurs. 








@ FABRICATION OF aircraft pea 
units by means of oxyacetylene pres. 
sure welding requires reliable weld: 
having maximum physical propertie; 
The need for careful control of weld 
quality is reflected in the importance 
attached by Menasco Manufacturing 
Co. to the inspection and testing 
methods employed in connection with 
its Uniweld Process. This process, an 
application of the gas welding tech. 
nique developed by Linde Air Prod. 
ucts Co., was described in a preceding 
issue of MATERIALS & MeEtHops 
(April, p. 60). In this article, special 
attention will be paid to the inspec. 
tion and testing procedures. 


Physical Testing 


At the present time, the company 
does not consider proof loading , 
particularly sensitive means of differ- 
entiating weld quality. Physical test. 
ing, nevertheless, is quite necessary 
for the correlation of metallurgical 
changes in welds with physical per. 
formance and for determining 
whether welds are usable for specific 
applications. 

Several years ago, the company 
ran a group of static bend tests of 
welds using a range of “gathers” in 
order to establish a manufacturing 
tolerance. The range of gathers used 
was lower than that normally required 
for the size of that particular section, 
and the effect on weld strength is 
clearly indicated by the results. The 
welds were executed on NE 8735, 
a nickel-chromium-molybdenum lov 
alloy steel, using a standard specimen 
with 3%-in. O.D. and %-in. wall 
thickness. Pre-test heat treatment 
was carefully controlled to produce an 
ultimate tensile strength of 188,000 
psi. and, subsequently, the specimens 
were turned down to 33%4-in. OD. 
and 5/16-in. wall thickness. Full-size 
static bend testing was carried out by 
this company’s standard method, em- 
ploying the set-up illustrated in Fig. |. 
In this fixture, the ends of the speci- 
mens are restrained by plugs which 
pivot freely in the supports, and loads 
are applied through a saddle strad- 
dling the weld. 

The accompanying table presents 
the physical data and the gathers 
applicable to these bending tests 0! 
different welds. The weld with the 
lowest gather broke at the lowest 
load, strengths increasing progres: 
sively with increasing gather. lig. - 
shows how a bend test specimen will 
buckle considerably before actual 
fracture occurs. Fracture in th weld 
plane after considerable deformation 
is typical of a certain proportion oF 
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Fig. 3—Special drop testing tower used for landing gear assemblies. 


pressure welds which possess the same 
ultimate bending strength and tube 
ductility as those which buckle or 
fail by rupture in the parent metal. 

More important from the stand- 
point of continuing production con- 
trol is the company’s simulated 
service test. Completely assembled 
landing gear is tested in Menasco’s 
specially constructed drop tower ( Fig. 
}) which accommodates even the 
largest units. Fig. 4 shows the main 
landing gear of a Glenn L. Martin 
202 aircraft in position for the drop 


Fig. 5—Micrograph made with nital etch, 
100X, shows little oxygen segregation. 


tests. This particular gear comprises 
aS many as nine pressure welded 
joints. 


Microscopic Inspection 


The effect of contaminants is one 
of the major considerations in pres- 
sure welding and, of all contaminants, 
oxygen is thought by Menasco to be 
of the greatest importance. Oxygen 
contamination may take the form of 
a layer of oxide covering the weld 
faces or that of a solid solution at 


Fig. 6—Micrograph made with alkaline 
chromate etch, 100X, reveals substantial 
segregation. 


Fig. 4—Landing gear in position for drop test. 


the weld. Initially, the only micro- 
scopic examination used by the com- 
pany was one involving a nital etch 
of the plane of juncture. This yielded 
practically no information, however, 
as both good and poor welds appeared 
to be similar. 

Since the company’s metallurgists 
suspected the presence of oxygen in 
the flat fractures, they set out to de- 
velop an etching reagent for the 
detection of oxygen segregations in 
steel. The success of the alkaline 
chromate etch which resulted is illus- 


Fig. 7—Micrograph, 100X. Alkaline chro- 
mate etch reveals even thin oxygen zones. 











Fig. 8—Boring tool used to remove sample from weld for microscopic examination. 





Fig. 9—Continuous chip removed from tube 
by boring tool. 





Fig. 10—Portion of sample chip mounted 
in Bakelite mold. 


trated by Figs. 5 and 6—the 100X 
nital etch micrograph indicating 
hardly any segregation, and the 100X 
alkaline chromate etch micrograph 
showing up the segregation in sharp 
contrast. This alkaline chromate solu- 
tion is now being used successfully 
on production Uniwelds, revealing 
even extremely thin zones of oxygen 
segregation at the weld plane. Thus 
Fig. 7 shows a 100X micrograph of 
a flash weld plane etched with the 
alkaline chromate solution; a conven- 
tional nital etch indicated no oxygen 
segregation. 

The alkaline chromate etch (U‘S. 
Patent Pending) is prepared and used 
in the following manner: 

Weigh out 16 gm. of chromic acid. 
Add 145 ml. of distilled water. To 
the above solution add 80 gm. of 
caustic soda. Heat to boiling, and 
keep the solution boiling at 245 to 
248 F. Place the sample to be etched 
into the boiling solution for 7 to 
20 min. Remove sample quickly and 
place in a container of cold water. 
Rinse in a stream of cold water, then 
rinse in alcohol. Remove alcohol by 
rubbing the surface gently with a 
piece of soft tissue. The sample is 
then ready for microexamination. 
(Caution: The caustic soda should 
be added slowly. A minimum of 5 
min. should be allowed for this 
operation or else the beaker should 
be placed in a cold water bath for 






rapid cooling. Because of the stro, 
exothermic reactions involved, 4, 
solution tends to boil over durin 
preparation. As sodium carbon 
forms readily from the carbon dioxi4, 
in the air, it has been found desirahj. 
to use a fresh preparation each dyy 

The various constituents found jp 
steel do not etch at the same rate in 
alkaline chromate. Martensite js the 
most rapidly attacked and ferrite th, 
most slowly. Even ferrite, howeve; ss 
etches much more rapidly than qd 
zones of high oxygen content. Th. 
mass of the sample will affect etching 
time to a considerable extent sing 
the sample itself must be heated x 
well as the solution. Variations jy 
the composition of the solution ar 
possible within certain limits and wil) 
still produce satisfactory results: this 
means that extremely accurate Weigh- 
ings are unnecessary. 

For purposes of metallographic 
inspection, a boring tool (Fig. 8) js 
used to remove a coilspring-like cop. 
tinuous chip (Fig. 9) from the 
internal upset of the welded join 
(U.S. Patent Pending); a portion of 
the chip is mounted in a mold (Fig 
10), by means of a small laboraton 
press induction-heated by low fre. 
quency current. Samples mounted in 
either Bakelite or Lucite have proved 
satisfactory. For best results, the 
Bakelite mount should be prepared 
by heating to 350 F at 5000 psi 
pressure. It has frequently been found 
that Bakelite mounts prepared 
320 F showed inferior resistance t 
the strongly alkaline solutios 

The alkaline chromate etch 
formed the basis of this company 
microscopic inspection 
number of graded “standards’ 0 
metallographic appearance, depen¢- 
ing on intensity of oxygen segregi- 
tion, have been established to serve 
as a reference. Only welds conforn- 
ing to one of the top three grades are 
accepted, although even the fourth 
grade is known to represent Stil 
100% weld strength. The companys 
record of no service failures on Unt 
welded joints can undoubtedly b 
attributed to this rather severe C0: 
trol procedure. 


his is 





System 


Results of Static Bend Tests on Standard Uniwelded Specimens 


OO 





Gather (In.) Failure Load (Lb.) 


Test Modulus of 


Rupture (Psi.) Type of Failure 





0.264 66,800 
0.285 79,500 
0.294 90,500 
0.304 98,800 
0.315 98,500 
0.334 98,300 








201,000 Weld 

239,000 Weld | 
272,000 Weld | 
300,000 Buckle 
299,000 Buckle | 


299,000 Weld (after consicet | 


able deformation 
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Materials & Methods Manual 


is is another in a series of comprehensive articles on engineering 





materials and their processing. Each is complete in itself. 
These special sections provide the reader with useful 
data on characteristics of materials or fabricated 


parts and on their processing and application 





: Stainless Steels — 
: Their Selection and Application 


by T. C. Du Mond, Editor, Materials & Methods 


Stainless steels aptly have been called the metals that paint 
themselves, due to their ability to instantaneously develop corrosion 
‘' resistant films on their surfaces. With a notable increase in the 


ve use of stainless steels during the last decade, many more engineers 
od are finding it necessary to know more about these versatile alloys. 
“ This manual tells, clearly and simply, what stainless steels are, how 


they vary one from the other, and what conditions govern their 
y's selection and application. 


Contents | 

le ee a | 
{ Characteristics of Stainless Steels . . . . . . . . . Page 85 | 
- Standard Stainless Steel Types and Grades . . . . . . Page 89 | 
| Selecting Stainless Steels for End Service Requirements . Page 93 | 

The Effect of Processing Methods on 

Stainless Steel Selection . . . ..... =... . Page %6 
Conclusion 
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Introduction 


Working with stainless steel is not diffi- 
cult, it is just different. 

That statement has been repeated millions 
of times. Despite its frequent repetition, the 
statement is not completely true. The selec- 
tion of the proper stainless steel is difficult, 
until the selector becomes thoroughly fa- 
miliar with all of the vagaries of this ma- 
terials group. 

Too many potential users of stainless steel 
fail to realize that “stainless” is a generic 
term that refers to 30 standard A.LS.I. 
grades of steel and perhaps twice that many 
variations. Until this fact is completely un- 
derstood, there can be no proper application 
of stainless steel except through blind luck. 

Those who use stainless for the first time 
also must realize that the methods of fab- 
ricating stainless steel and how the ultimate 
product is to be used have the greatest 
possible effect upon the grade of stainless 
selected. 

This manual will attempt to clarify these 
matters by trying to classify the steels ac- 
cording to their chemistry, according to 
their affinity for certain fabricating methods, 
and according to their ability to withstand 
certain types of service. 


What Stainless Steels Are 


The stainlessness of stainless steels is 
relative. Against certain types of corrosion 
these steels are superior in retaining clean, 
bright and unpitted surfaces. Under other 
conditions stainless steels are no better and 
sometimes actually worse than ordinary 
steels. 

The least resistant stainless steel contains 
a minimum of 11.5% of chromium. It 
is theorized that this element provides the 
stainless characteristic by creating a thin, 
passive, oxide film on the metal’s surface. 

Even though the corrosion resistance of 
stainless steel is most generally accepted as 
their best feature, these steels offer many 
other favorable characteristics. From the 
available stainless steels, one can find some 
which are air hardening, others that develop 
good physical properties through work 
hardening, and others that offer exceptional 
resistance to scaling and oxidation at high 
temperatures. Certain stainless steels are easy 
to machine; others form remarkably well; 
still others are ideal for welded fabrication 

The uses for stainless steels range from 
simple architectural applications through a 
gamut of products to and including turbine 
buckets. One of the interesting new uses for 
stainless steel is in the fabrication of the 
metal portions of television picture tubes. 
Here stainless is used because a certain 
grade has a coefficient of expansion that 
matches closely that of glass—a requisite of 
the application. 

In choosing a stainless steel, one should 
avoid using the methods which have worked 
satisfactorily for selecting carbon steels or 
tool steels—the point being that there are 
few instances where a specific grade of 
stainless can be chosen as being intended 
for one specific application. 
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Stainless steels have had a large part in permitting the processing industries to develop to th 
extent they have in recent years. Storage tanks such as these at Westinghouse Electric Corp 
require vast tonnages of stainless steels. 


Although the intent of this manual is to 
enable a prospective user of stainless steel 
better to understand the problems of sele< 
ting stainless steels and knowing why thes« 
steels perform as they do, it is by no means 
expected that a final choice should be made 
on the information contained here. Readers 
of this manual should be able to narrow a 
choice down to two or three steels. A final 
selection should not be made without doing 
two things: 

1. Consulting the producer. The steel 
producer should be informed of all the con- 


ditions of use of the stainless. H 
told where and how the matet 
used as well as how it will be f: 
2. Test thoroughly—in servic 
you select in the product you 
under actual service condition: 
test its fabricating characteristics 
shop conditions. 
Page after page could be devoted © * 
lating cases of where failure to di either 0 
both of the above mentioned things @U™. 
substantial losses of time, money, netal and 
prestige. 
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Above all else, stainless steels are cor- 
rosion resistant. This characteristic is the 
aly justification for their existence as a 

p. Fortunately, however, stainless steels 
Sy offer a wide range of other properties 
that enhance their value as engineering ma- 
terials and widen the scope of their appli- 
Pie te thirty-odd stainless steels all of the 
properties vary somewhat, but in each the 
corrosion resistance is the most important 
single characteristic. The development of 
stainless steels is traced to a single steel 
which offered good resistance to atmospheric 
corrosion and to certain corrosive liquids 
and gases. Later, a little more strength was 
desired, so a new alloy was developed. 
Better machining qualities were sought, so 
another new alloy was developed. Better 
high temperatures properties were attained 
in other variations. So it went, until the 
one simple stainless steel grew into a big 
family of standard AISI steels and an even 
larger group of close relations. 

Stainless steels as a group offer corrosion 
resistance, high strength, resistance to oxida- 
tion at high temperatures, hardness, duc- 
tility, good creep properties and other fa- 
vorable properties. Not all of these prop- 
erties can be found in any one steel, though. 
The same is true of the fabricating charac- 
teristics. Stainless steels can be welded, ma- 
chined, drawn, cold worked, hot worked, 
spun, heat treated and otherwise fabricated 
by all normal fabricating procedures. Here 
again, not all properties are to be found in 
every stainless steel. 




















































































































Corrosion Resistance 


Oxidizing conditions are mecessary to 
form and preserve the oxide film, which 
seems to be the reason for the so-called 
stainlessness of the stainless steels. With the 
12% chromium, whic:: is the lowest used 
in stainless steels, ordinary atmospheric con- 
ditions are sufficiently oxidizing to promote 
formation of protective films. Therefore, 
: 12% chromium stainless steels resist atmos- 

, phetic corrosion, although they will rust in 

. time. As service conditions become less and 

less oxidizing, successively higher chromium 
contents become necessary to promote for- 
mation of protective films. Under a given 
set of corrosive conditions, as the chromium 
content is gradually increased, resistance to 

: attack does not increase gradually, but oc- 

4 cuts abruptly at the chromium content suf- 

4 ficiently high to allow the formation of a 

, Protective film. In addition, the use of 
0 the nickel in quantities of 6 to 7% and over 


Corp — corrosion resistance. 
chromium content of 18% is sufficient 
o halt all but the most severe atmospheric 
corrosion. Ordinary 18:8 stainless grades 
ld & ave withstood the weather for well over a 
Il be aozen years. 
ad Stainless steel is excellent with nitric acid 
stet and other acids which are oxidizing in na- 
make lure. These same steels are not good with 
wise reducin acids such as hydrochloric and 
yout Bg ric, and are readily attacked by all 
F the halogen salts (chlorine, bromine, 
o fe Lorine and iodine). (In the dairy industry 
er of chlorine cleaners are used extensively in 
aust? cleanin ¢ stainless steel, but a maximum of 
| and eo-min exposure is the limit of use.) Sul- 
uric acid is on the borderline: under cer- 
ons MAY, 1950 
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Characteristics of Stainless Steels 


tain circumstances it is harmless, under 
others it promotes attack. The effects of 
salts and reducing acids, of course, vary 
with service conditions and concentration 
of the corrodent, as well as with the type 
of stainless involved. 

To obtain maximum corrosion resistance 
in stainless steels, it is necessary to provide 
clean, smooth surfaces that are free from 
foreign materials and surface imperfections. 
In the case of hardenable grades of stainless 
steel, maximum corrosion resistance is 
achieved when the steel is in the heat 
treated condition. All stainless steels should 
be passivated. 


Carbide Precipitation 


When chromium-nickel stainless steels 
such as 302, 304, 309 and 316 are heated 
to between 800 and 1650 F, carbon within 
the grains migrates to grain boundaries and 
combines with chromium to form chromium 
carbide. This reaction is known as carbide 
precipitation, and the steel is said to be 
sensitized. When carbide precipitation oc- 
curs, metal adjacent to the grain boundaries 
is depleted of chromium in solution and 
the material is made susceptible to attack 
by corrosive acid solutions. Under normal 
atmosphere conditions, sensitization is not 
extremely harmful, but corrosion resistance 
is lowered. 

Sensitization is dependent upon the ratio 
of the percentage of chromium to the per- 
centage of carbon—the higher the ratio, the 
more stable the alloy. Said somewhat differ- 
ently, the lower the carbon content the less 
is the danger of carbide precipitation. 
Where welding is anticipated, there are 
special stabilized grades of stainless which 
contain columbium or titanium to prevent 
the loss of chromium in the form of car- 
bides. 

Annealing at a temperature between 1900 
and 2000 F will dissolve boundary carbides 
in sensitized steels, and rapid cooling keeps 
them in solution. 


Resistance to Scaling 


The chromium-oxide film which forms on 
stainless steels resists scaling. An oxide layer 
forms upon exposure to high temperatures 
and in its effective range protects the metal 
from rapid deterioration. How long such 
protection lasts depends upon the chromium 
content of the steel. The higher the chro- 
mium content, the more resistant to scaling 
will be the steel. Likewise, the safe heat 
level varies with the chromium content. 

Scaling is accelerated in applications 
where the oxide layer is constantly being 
broken. For this reason, repeated heating 
and cooling with the accompanying expan- 
sion and contraction of the metal crack off 
oxide layers. The straight chromium grades 
of stainless have less thermal expansion 
than the chromium-nickel grades; therefore, 
they serve best for many applications where 
constant heating and cooling is involved. 


Mechanical Properties 


Stainless steels are strong, even in the 
annealed condition. In the chromium-nickel 
grades the tensile and yield strengths are not 


raised through heat treatment, but can be 
increased through cold work. The marten- 
sitic type of straight chromium stainless 
steels can be heat treated to high strength 
values. Since there is a close relationship 
between strength and hardness, hardnesses 
increase along with higher tensile strengths. 

In the austenitic stainless steels, mechani- 
cal properties vary with the size and amount 
of cold working. Generally, the maximum 
tensile strengths are available in the smaller 
sizes and forms. 

Certain of the stainless steels are highly 
ductile. For example, Type 302 offers elon- 
gation of from 50 to 60% in 2 in. This 
value corresponds with a 40% elongation 
for carbon steel of deep drawing quality. 

Hardnesses in stainless steel range from 
130 to 150 Brinell in annealed Type 302 to 
between 550 and 600 in heat treated Type 
440-C. 


High Temperature Properties 


The strength of stainless steels varies, of 
course, with the alloy content, but most 
show rather good strength at high tempera- 
tures. For instance, Types 309 and 310 are 
often used at temperatures up to 2000 F, 
and most stainless steels show good short 
time strength at 1500 F. Compare this 
fact with that of carbon steels losing their 
usefulness above 900 to 950 F. Likewise, 
many stainless steels show a satisfactory re- 
sistance to creep at high temperatures. 


Other Properties 


None of the stainless steels could be con- 
sidered good as far as thermal conductivity 
is concerned. Within the group, the chro- 
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mium-nickel steels offer the least thermal 
conductivity while the straight chromium 
stainlesses are best. For this reason, in appli- 
cations where heat transfer is a problem, 
stainless cladding is applied to copper or 
some other material with better heat con- 
ductivity. 

The rates of thermal expansion of stain- 
less steels cover a wide range. With certain 
grades, expansion is less than SAE 1020 
steel and in others more. Typical values are 
shown in the accompanying table of physical 
and mechanical properties. 

The straight chromium stainless steels 
are magnetic, but the chromium-nickel 
grades are not. In the case of the latter 
steels, work hardening sometimes makes 
them slightly magnetic, but annealing causes 
them to again become nonmagnetic. As a 
group, stainless steels are poor conductors of 
electricity. In fact, certain grades are used 
as low cost resistance alloys. At 70 F, Type 
410 stainless shows 22.5 microhms of re- 
sistance per cubic inch and Type 310 shows 
30.5. These figures compare with 4.32 for 
SAE 1020 steel. 


Fabricating Characteristics 


Practically any of the usual fabricating 
processes can be applied to stainless steels. 
However, to fabricate, shape or finish them 
satisfactorily more exact procedures are re- 
quired than is the case with ordinary mild 
steels. 

Machining—All grades of stainless steel 
can be machined, but certain grades have 
been developed which are vastly superior in 
machinability. With most stainless steels 
slower speeds are required than for mild 
steels, and with the work-hardening grades 
deeper cuts are necessary. Certain stainless 
steels are gummy or stringy and affect re- 
sults of machining. These points indicate 
why care is required in the choice of tool 


The strength at high temperatures of many stainless steels recommends them for use in turbine applications for blades and buckets. 
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type and form as well as in the selection 
of machine speeds and feeds. 

Drawing—Most grades of stainless steel 
can be formed by drawing. However, the 
chromium-nickel grades are best suited to 
deep drawing. All grades require consider- 
ably more power than for comparable draws 
in mild steel, because of higher tensile 
strengths and the chromium-nickel grades 
require greater die clearance than common 
steels. 

Spinning—Spinning is practicable with 
most stainless grades, although Type 305 
has been developed primarily for spinning. 
The straight chromium grades spin at about 
24 the rate of mild steel, while the chro- 
mium-nickel grades spin at 4% to \% the 
rate used with copper. Some steels in the 
latter group require frequent annealing dur- 
ing spinning, beeause they work harden. 

Upsetting—Cold forming is rather fre- 
quently used on most grades of stainless 
steel in the production of bolts, screws and 
parts of comparable shape. Forming of this 
type can be used on straight chromium 
steels in sizes up to % in. and 7/16 in. for 
the chromium-nickel grades. In sizes larger 
than those listed, hot forming is most satis- 
factory. 

W elding—Most types of welding, braz- 
ing and soldering can be used to join stain- 
less steels to themselves and to other ma- 
terials. In the past, metal arc welding has 
been best for joining stainless steels, al- 
though inert-gas shielded arc welding is 
now being used more widely. The electrical 
characteristics of the stainless grades make 
them particularly suited to electrical re- 
sistance welding. 

The chromium-nickel steels are the most 
readily welded, but most are susceptible to 
sensitization. Those steels in the ferritic 
group are subject to grain growth when 
subjected to high heat, so unless their other 
properties are needed they should not be 
chosen where welding is necessary. The 
same is true of the martensitic grades. 


Carnegie-Illinois Steel Corp.) 


Silver soldering is used in joining Stai 
less, but the heat required is close to i. 
hardening range of the straight chrom; 
steels and could cause grain growth ia te 
ferritic types. When used with austeni: 
grades of stainless, the operation should 
as rapid as is possible unless the Stabilized 
gtades are being used. Soft solders are als 
used extensively with stainless steels. 

Forgimg—aAll standard stainless steels ci, 
be hot worked, although with some dig. 
culty. As the alloy content increases, dif. 
culty in forging increases. The chromiym. 
nickel steels offer the best combination o/ 
forging properties, including a fairly wid. 
range of forging temperatures. Howeve; 
the ferritic grades of stainless are easiest ;, 
forge. 

Finishing—Almost without exception 
cleaning is necessary after the fabrication oj 
stainless steels. The most satisfactory meth. 
ods are vapor degreasing or by means oj 
organic solvents. If either a brush or ste¢| 
wool is used, precautions should be taken 
to see that the contact portions be made 
of stainless. All stainless steels should x 
passivated with nitric acid (10 to 20% » 
120 to 130 F for 20 to 30 min.) to provide 
maximum corrosion resistance. 

Most types of coating can be applied : 
stainless. They can be electroplated ani 
electropolished, anodically etched, covered 
with porcelain enamel, and given colored 
coatings through the dying of surface oxid 

From the foregoing it can be seen that 
the properties of stainless recommend them 
for many uses. In selecting a stainless stee! 
great emphasis is—and should be placed on 
physical and mechanical properties and 
fabricating characteristics. Paying attention 
to these aspects alone cam cause no seriou 
trouble. However, in picking a stainless one 
should not ignore economics. In short, when 
a choice is narrowed down to two or three 
steels that can satisfactorily do the job, pic 
the one with the lowest alloy content, for it 
will be the least expensive. 
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" Stainless Steel—Wrought Forms and Uses 
the 
——— ‘ 
he Available Forms 
iti ' ' ail 
be Grade Sheet | Strip | Plate | Bar | Wire Outstanding Characteristics Typical Uses 
2eq _ | ED 
also 301 x x x x | x Strongly work hardening. Light weight, high strength transpor- 
tation equipment. 
a | | 
if. 302 x a oe Se Be | x Greater corrosion resistance, and less work hard- | General purpose applications. 
iff. ening than Type 301. 
1m- 
| . . ° 
of 303 oe — — x | x | Free machining grade of 18:8. | Fastening devices, shafts, etc. 
ride } | | 
aad , . 
ver, 304 x x x x x | Less heat sensitize than other 18:8 steels; used | Processing equipment. 
t to | where heat is encountered. 
on, 321 » Pus eo x Stabilized with columbium to prevent carbide | Heavy equipment subjected to heat, 
1 of | formation when heated. Good for welding. or where no anneal is possible after 
th. | | welding. 
of R 
tee! 47 x x x x | x | Same as T 321 except titanium is used as | Same as T 321. 
| | e as Type p ype 
ken | stabilizing agent. 
1 U ta 
“ = | 305 x x x — x Work hardens to a minimum; useful for such | Spun, drawn and cold headed parts. 
at . | processes as spinning. 
ide £ 
be | . ° ° ° ° ° 
< | 308 x x x x x | Highly resistant to corrosion and oxidation. Welding rod. 
ani 309 x x x x x Properties somewhat superior to those of Type | Annealing boxes and covers, furnace 
red 308. parts. 
red 
. 310 x x x x x Superior to both Types 308 and 309 in cor- | Welding rod, furnace parts. 
hat rosion and oxidation resistance. 
em 
- 302-B| x x x x x Silicon addition to 18:8 steels gives good cor- | Parts exposed to high temperatures. 
= rosion and oxidation resistance. 
and | | 
a goer . 
ss 314 x — x x — | Similar—but superior to Type 302-B. | Same as for Type 302-B. 
] i | 
us | 
om 316 a. oe x x | Contains molybdenum for better corrosion re- | Equipment for paper and soap manu- 
= sistance—particularly to pitting. facture. 
ree | 
- 317 x x x x — | Same as Type 316, except slightly more molyb- | Processing industries equipment. 
she denum. Highest corrosion resistance. 
ss 405 x x x x x High dimensional stability. Turbine blades, vessel lining, etc. 
406 — — —_ x x Excellent resistance to high temperature oxi- | Often used as electrical resistance alloy. 
dation. 
U : : ° 
= | 430 x x x x x Has good combination of properties at a rela- | Heat exchangers, furnace parts. 90% 
= fas prop | 
= tively low cost. | of automotive molding. 
ss | 
| 
430-F| — — on x x | A free-machining grade of Type 430. Fastening devices. 
446 x x x x x Has highest chromium content of all standard | Heat resisting applications. 
stainless steels. Best scaling resistance. 
403 x x — x | x Turbine quality stainless steel—low in chromi- | Turbine buckets, valves. 
| um content. 
410 x x x x x Similar properties to those of Type 403. Valve seats, pump shafts, etc. 
4\¢ ancl —_— oe x x A free-machining 12% chromium steel. Valve stems, bolts, screws. 
2414 x x x x x | Has nickel added for toughness. Furnace parts, pump shafts, etc. 
a 
£ > ee . . . . 
@ | 43 — ais iis x x The most stainless of hardenable grades. Marine shafting, aircraft fittings. 
ic} 
2 |4 bine x -"_ x x A cutlery grade-high carbon provides hardness | Cutlery, surgical instruments, springs. 
and corrosion resistance. 
440-A; — — — x x This and Types 440-B and 440-C have highest | Valve seats and trim, cutlery. 
hardness of all stainless steels. 
\ 440-B | — — — x x Has best combination of properties of 440 series. | Gages and instruments, springs. 
440-C; — Ses _ x x | Greatest abrasion resistance, but least toughness | Bearings and bushings. 
of 440 types. 
™ ee 
os fe MAY, 1950 
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Standard Type Numbers, Chemical Composition Limits and Ranges for Stainless Steels 










































































Chemical Composition, Percent — 
Type | Mn, Si, P, S, oa 
Number Cc Max. Max. Max. Max. Cr Ni Other Elements In ati 
301 | Over 0.08-0.20 | 2.00 | 1.00 | 0.040 | 0.030 | 16.00-18.00 | 6.00-8.00 = as 
302 Over 0.08-0.20 | 2.00 1.00 0.040 | 0.030 | 17.00-19.00 8.00-10.00 — 4 cha 
302B | Over 0.08-0.20 | 2.00 | 2.00-3.00 | 0.040 | 0.030 | 17.00-19.00 8.00-10.00 — ree cl 
303 0.15 max. 2.00 1.00 —- — 17.00-19.00 8.00-10.00 | P, S, Se min. 0.07, Zr, Mo max. 0,4 om th 
304 0.08 max. 2.00 1.00 0.040 | 0.030 | 18.00-20.00 8.00-11.00 — F ound i 
305 0.12 max. 2.00 1.00 0.040 | 0.030 | 17.00-19.00 | 10.00-13.00 — All s 
308 0.08 max. 2.00 1.00 0.040 | 0.030 | 19.00-21.00 | 10.00-12.00 — bum Oo! 
309 0.20 max. 2.00 1.00 0.040 | 0.030 | 22.00-24.00 | 12.00-15.00 — tons 
310 0.25 max. 2.00 1.50 0.040 | 0.030 | 24.00-26.00 19.00-22.00 —- hromit 
314 0.25 max. 2.00 1.5-3.0 0.040 | 0.030 | 23.00-26.00 | 19.00-22.00 — he cl 
316 0.10 max. 2.00 1.00 0.040 | 0.030 | 16.00-18.00 | 10.00-14.00 Mo 2.00-3.00 nd ma 
317 0.10 max. 2.00 1.00 0.040 | 0.030 | 18.00-20.00 | 11.00-14.00 Mo 3.00-4.00 plicity 
321 0.08 max. 2.00 1.00 0.040 | 0.030 | 17.00-19.00 8.00-11.00 Ti 5 x C min. hromit 
347 0.08 max. 2.00 1.00 0.040 | 0.030 | 17.00-19.00 9.00-12.00 Cb 10 x C min. nown 
403 0.15 max. 1.00 0.50 0.040 | 0.030 | 11.50-13.00 — Turbine quality se of 
405 0.08 max. 1.00 1.00 0.040 | 0.030 | 11.50-13.50 — | Al 0.10-0.30 onnect 
406 0.15 max. 1.00 1.00 0.040 | 0.030 12.00-14.00 | — Al 3.50-4.50 reels V 
410 0.15 max. 100 | 1.00 0.040 | 0.030 | 11.50-13.50 — — ys 18:8 
414 0.15 max. 1.00 | 1.00 | 0.040 | 0.030 11.50-13.50 1.25-2.50 — Aust 
416 0.15 max. 1.25 | 1.00 — — 12.00-14.00 —— P. S, Se min. 0.07, Zr. Mo max lening 
420 Over 0.15 1.00 1.00 0.040 0.030 12.00-14.00 — — family 
430 0.12 max. 1.00 1.00 0.040 0.030 14.00-18.00 - — hromi 
430 F | 0.12 max. 1.25 1.00 — —- 14.00-18.00 — P, S, Se min. 0.07, Zr, Mo max f 
431 0.20 max. 1.00 1.00 0.040 0.030 15.00-17.00 1.25-2.50 — tainles 
440A 0.60-0.75 1.00 1.00 0.040 0.040 16.00-18.00 — Mo 0.75 max. iably 
440 B 0.75-0.95 1.00 1.00 0.040 0.030 16.00-18.00 — Mo 0.75 max heat tf 
440 C 0.95-1.20 1.00 1.00 0.040 | 0.030 16.00-18.00 — Mo 0.75 max | 0% | 
446 0.35 max. 1.50 1.00 0.040 | 0.030 23.00-27.00 - Ne 0.25 max kept 
in thi 
Physical and Mechanical Properties of 
Type 302 303 | 321 347 309 Pad 
Structure Austenitic Austenitic Austenitic Austenitic Austenitic A 
Melting Point, F 2550 2550 2550 2550 ) 
Magnetic No No No No No 
Electrical Resistivity, Microhms/In.*, 70 F 28.6 28.6 28.0 28.0 51.5 
Modulus of Elasticity, 10° Psi. 29 29 | 29 29 
Linear Coefficient of Ther. Exp., per Deg. F x 10°° (0-600 F) 9.5 9.5 9.4 9.4 ).5 
Thermal Conductivity, Btu./Sq.Ft./Hr./F/in., 200 F 113 113 112 110 121 
Tensile Strength, Psi. | 
Annealed 90/100,000 | 85/95,000 | 90/100,000 | 90/100,000 | 95/105,0 0 
Cold Worked 100/ 180,000 — 100/180,000 | 100/180,000 | — 
Heat Treated — | — | —_ | — sa 
Yield Point, Psi. | | * 
Annealed 35/45,000 | 30/40,000 | 35/45,000 | 35/45,000 | 35/45,00 35 
Cold Worked 50/150,000 — — — _ 
Heat Treated a — =v wn = 
Elongation in 2 In., % 
Annealed 55/65 45/55 50/60 50/65 10) 
Cold Worked — — — — . 
Heat Treated — — — on -_ 
Reduction in Area, %, Annealed 60/70 55/60 60/75 60/70 pit 
Impact Strength, Izod Value, Ft.-Lb., Annealed | 115/140 75/80 70/120 | 115/140 
Hardness 
Brinell Number, Annealed 140/150 160 140/150 | 170/200 170/20 
Cold Rolled 180/375 180/375 180/300 | 180/300 180 / 300 
Heat Treated — — — — tay 
Rockwell Number, Annealed 74/87B 74/87B 87/94B | 74/87B 87 /94B 
Cold Rolled 89B/38C 89B/38C 89B/32C 89B/32C 89B / 32! 
Heat Treated — — — — 
Creep Strength for Life of 10,000 Hr. with 1% Elongation 
at 1000 F, Psi. 18.3 18.3 25 25 
at 1100 F, Psi. 11.5 11.5 20 20 
at 1300 F, Psi. | 3.5 3.5 10 10 
at 1500 F, Psi. | 0.85 | 0.85 3 | 3 
Strength at Elevated Temperatures, Short Time Tests, Psi. | 
at 1300 F 37.5 37.5 | 45 45 
at 1500 F | 22.3 22.3 | 30 | 30 
at 1700 F 12.0 12.0 18 18 16 
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in attempting to Classify stainless steels 
is usually found most satisfactory to group 
em according to chemical composition 
4 characteristics. In general use there are 
vee classifications which take their names 
fom the type of metallographic structure 
bund in the steels. i 
All standard stainless steels have a mini- 
num of 12% chromium, and the classifica- 
‘ons used correspond roughly with the 
hromium or chromium and nickel contents. 
he classifications are: austenitic, ferritic 
nd martensitic. Often for the sake of sim- 
plicity the steels are identified by the 
hromium content. Thus, one steel may be 
nown as a 27-chromium steel. The greatest 
se of this means of identification is in 
onnection with the 18 chromium-8 nickel 
reels which are almost universally known 
bs 18:8 steels. 

Austenitic stainless steels are work har- 
lening and include the widely applied 18:8 
amily of steels. They are alloys of iron, 
hromium (18 to 309%) and nickel (6 to 








D Ferritic stainless steels are, in effect, 
stainless irons and do not harden appre- 
iably either by cold working or through 
heat treatment. This group contains 18 to 


chromium and the carbon content is 


Stainless Steels 





steels are straight chromium steels and are 
air hardening. They contain chromium in 
the 12 to 17% range, and carbon content 
covers a wide range. 

Although the brief descriptions to follow 
will help to show the differences between 
the various standard stainless steels, the 
accompanying illustrations showing the de- 
velopment of the various grades will aid in 
understanding why so many grades exist. 


Austenitic Stainless Steel Grades 


The chromium-nickel (austenitic) stain- 
less steels are not hardenable by heat treat- 
ment. They do harden through cold work- 
ing to varying degrees, depending largely 
upon the alloy content. Severely cold worked 
steels in this group show tensile strengths 
up to 300,000 psi. Fully annealed steels 
within the group drop down in tensile 
strengths to about 80,000 psi. In these steels 
the chromium content ranges from 16 to 
26% and nickel from 6 to over 20%. 

Steels in the austenitic group are non- 
magnetic, although cold work causes them 
to become somewhat magnetic. The mag- 
netic condition can be corrected by anneal- 


Standard Stainless Steel Types and Grades 


tility, of course, gives the chromium-nickel 
steels favorable cold working properties. 
This group can be joined by the normal 
joining processes, but only the free ma- 
chining grades are cut at highest speeds. 

The austenitic steels, because of their ease 
of forming, as well as for their other prop- 
erties, are the most widely applied stainless 
steels. Type 302, one of the-familiar 18:8 
steels, is the one grade most broadly applied 
of all stainless steels. These steels are used 
for aircraft parts, architectural uses, chemi- 
cal processing equipment, household items, 
fastening devices, transportation equipment, 
marine fittings and many other applications. 

Type 301—Here is the lowest alloy com- 
bination within this group of steels, having 
only 7% nickel. This particular alloy is 
strongly work hardening. It is commercially 
available in the annealed condition and in 
four cold-worked tempers, and is used exten- 
sively on transportation equipment. 

Type 302—This 18:8 grade is the most 
widely used of all the stainless steels. It 
does not work harden to quite the same 
degree as Type 301. This steel is suitable 
for deep drawing as well as for most other 
fabricating processes. Where heat is to be 
a service condition, or where welding is 


























kept low. Corrosion resistance of the steels ing. These steels are extremely tough and involved sensitization must be guarded 
in this group is high. Martensttic stainless ductile, even at low temperatures. The duc- against. 
of Representative Stainless Steels 
316 430 430-F 446 410 416 420 |  440-A 440-C 
Austenitic Ferritic Ferritic Ferritic Martensitic Martensitic Martensitic Martensitic Martensitic 
2500 2710 2650 2650 2725 2700 2650 2650 2650 
No Yes Yes Yes Yes Yes Yes Yes Yes 
28.5 26.0 22.5 26.5 23.0 23.0 20.0 — rae 
28.5 29 29 29 29 29 29 29 29 
9.0 5.6 5.6 5.5 6.1 6.1 5.9 5.9 5.9 
108 156 156 145 173 160 wail pit dk 
10/100,000 | 75/85,000 | 70/90,000 | 80/90,000 | 100/120,000 | 70/85,000 95/105,000 | 90/100,000 in 
— — 90/130,000 | —_ _ — — — —_— 
— — | —_ — 100/185,000 | 80/160,000 | 150/300,000 | 125/300,000 | 285,000 
35/45,000 35 /45,000 yi red 55/65,000 80/100,000 | 40/50,000 60/70,000 50/60,000 = 
_— a 5 s ——o —— -_— —_——- —— _— 
— nae _ 60/170,000 | 70/180,000 | 120/200,000 | 100/250,000 275,000 
50/60 cyt yb 20/30 25/35 20/35 25/30 25/35 | — 
pee aa: “ 10/30 10/25 2/12 1/15 2 
60/75 50/60 40/55 40/50 50/75 8/65 5/60 3/45 10 
0/120 20/60 | 5/60 1/5 20/45 15/35 5/15 3/6 ae 
170/200 150/190 145/185 160/200 135/155 145/195 180/200 | 180/205 — 
180/300 185/270 185/270 — —_ — —_ | oe aad 
os Rin = ape 160/400 190/350 300/600 | 285/625 dat 
587/948 81/923 | 80/908 |  85/94B 85/95B 30/95B 90/94B 90/95B a 
— | — — 10/40C 8/35C 32/58C 30/60C 57C 
Ee ae — son 13 13 oa ee 
5 | 5 3.5 5 5 _ anes -_ 
1.4 1.4 0.8 1.5 1.5 ne ei mais 
0.6 0.6 0.7 0.7 ie Sigs Sis 
| 19 20 ae 17 17 27 soa | en 
| 9 10 11 8.4 8.4 14 — | ns 
Sa the | 7 6 6 g 8 10 | pe ~ali 
MAY, 1950 
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Type 303—Sulfur, selenium and some- 
times phosphorus are added to Type 302 
stainless to produce this grade. These ele- 
ments make the steel free machining. With 
controlled conditions and using selenium 
rather than sulfur and with nickel on the 
high side, Type 303 is useful for cold head- 
ing and upsetting. Corrosion resistance is 
lowered through the use of either sulfur or 
selenium. 

Type 304—In this grade of stainless, 
carbon is held to less than 0.08% as a 
means of minimizing sensitization. There- 
fore, it is sometimes picked in preference 
to Type 302 where considerable welding 
is involved and service conditions are mod- 
erately severe. 

Type 321— 

Type 347—Titanium and columbium are 
used in these 18:8 steels, respectively, to 
stabilize them against heat sensitization. 
These steels are suggested when welding is 
to be used in fabrication and where an- 
nealing is not possible. Likewise, they are 
useful where the product will be heated to 
the sensitizing temperatures during service. 

Type 305—In this steel the nickel con- 
tent is raised to 12%. This steel work har- 
dens to the minimum extent, therefore is 
useful for such work as requires spinning, 
where work hardening is not desirable. 

Type 308— 

Type 309— 

Type 310—These are 20:10, 25:20 types 
of stainless. They provide the highest degree 
of corrosion and oxidation resistance, with 
both of these characteristics being best in 
Type 310. Sensitization is possible in all 
these grades, but least likely in Type 310. 
Because of their high alloy content, these 
steels are expensive. Type 310 is frequently 
used to make welding rod, as it produces 
ductile weld metal. These alloys resist oxi- 
dation up to 1900 to 2000 F. 

Type 302-B— 

Type 314—Adding approximately 2% of 
silicon to 18:8 produces Type 302-B, which 
has higher resistance to oxidation at high 
temperatures. The silicon also gives added 
protection against the corrosive action of 
sulfuric acid. Adding the same amount of 


90 


silicon to Type 310 produces Type 314. Its 
properties correspond to those of Type 
302-B, but are superior in all cases. 

Type 316— 

Type 317—Molybdenum is included in 
these alloys to provide an 18:12:2.5 and a 
19:12:3.5 alloy. These grades are outstand- 
ing for their creep strength at high temper- 
atures. These molybdenum bearing steels 
are particularly resistant to pit-type cor- 
rosion. 


Ferritic Stainless Steel Grades 


Steels in the ferritic group are in some- 
what of a middleground between the aus- 
tenitic and the martensitic stainless steels as 
far as properties are concerned. Ferritic 
stainless steels are non-hardenable, but are 
magnetic. They have poor thermal conduc- 
tivity, and their mechanical properties fall 
between those of the other two classes of 
stainless. Ferritic stainless steels usually are 
chosen for their corrosion and oxidation 
resistance rather than for their high strength 
properties. 

Chromium content in this group ranges 
from 18 to 30%. Uses for materials falling 
in this group range from cast-in turbine 
blades through such applications as grid 
resistors and heating elements, furnace parts 
and fastening devices. 

Type 405—Type 405 alloy contains 
aluminum. The aluminum makes this alloy 
less susceptible to air hardening after weld- 
ing. The material is used where dimen- 
sional stability and corrosion resistance are 
desired and where high strength and hard- 
ness are not needed. 

Type 430—This is the most widely used 
ferritic stainless, it is ductile and can be 
readily roll formed, leaving the rolls with 
a high lustre. Therefore, Type 430 is used 







TYPE 303 











TYPE 305 


TYPE 308 
20-10 


widely for automotive body trim and ¢. 
lar use. Steels made to the low chrom 
range have good weldability, strength 
hardness, but suffer in corrosion resis 
Higher chromium content gives better ,, 
rosion resistance but the other proper 
suffer. Type 430 has better heat tesig: 
properties than some of the more }; 
alloyed grades in certain applications yy, 
1500 F, and is somewhat less ex t 

Type 430-F—Sulfur is added to the ¢, 
position of Type 430 stainless to pro, 
better machinability. This pr 
achieved without much sacrifice of oy 
properties. 

Type 446—With chromium at 23, 
27%, this alloy has the highest conten, 
that alloying element in the commer; 
series of stainless steels. The chromium ¢ 
tent gives this grade the greatest corto 
and oxidation resistance of the strais 
chromium grades. With this alloy 
growth is a constant threat when steady hy 
is applied during service. Type 446 can ¥y 
hot worked, resists sulfurous gases, but jt} 
low in ductility and is notch sensitive ale 
cooling to room temperature subsequent 
long exposure to high temperatures. 


Martensitic Stainless Steel Grades 


The martensitic stainless steels are straigh 
chromium steels, most of which use » 
nickel. They are heat-treatable and provid 
best mechanical and corrosion resistant 
properties when hardened. Most steels in 
this group are air hardening, although ol 
quenching is sometimes used to give 
perior properties. 

Steels of the martensitic type are used for 
mechanical parts more than are the stainles 
steels in the other two groups. Thermi 
conductivity of this group is the best of te 
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TYPE 405 BB TYPE 416 BRRTYPE 414 


TYPE 431 


stainlesses, but is still poor. The steels are 
electrically resistive and have relatively poor 
reflectivity. 

In the annealed condition these steels 
offer tensile strengths from 70,000 to 105,- 
000 psi. Hardened, the ranges are elevated 
to 200,000 and 285,000 psi., respectively. 
_ Steels in this general category are used 
for valves, turbine buckets, pump pafts, 
bearings, marine propeller shafting, cutlery, 
springs, dental and surgical instruments, and 
many other parts of a similar nature where 
high mechanical strength is required. 

Type 403— 

Type 410—Both of these steels are of 
the same composition. Type 403 is made 
from ingots which are somewhat more care- 
tully processed. Both steels have just enough 
chromium to fall within the stainless cate- 
gory and have a low carbon content. The 
steels are air hardening, and combine hard- 
ness with corrosion resistance. Type 403 is 
known as turbine quality stainless. 


Type /16—This stainless grade is a free 
machining 12% chromium steel. Its prop- 
erties correspond reasonably well with those 
of Type 410, except that this steel is some- 


what less ductile and a little less resistant 
to corros on. 


{ oe 
}1—Both of these chromium steels 
xel added for toughness. They thus 
Come 12:2 and 16:2 steels, respectively. 
In addition to providing toughness, the 
nicke| vides a slight increase in corrosion 
resistance over nickel-free steels of the same 
chrom content. Type 431 is the most 


a : 
‘agg { the hardenable grades of stain- 
s, 
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Type 420—A cutlery grade of stainless 
steel, Type 420 has a high carbon content. 
This alloy has good corrosion resistance, 
high hardness, toughness and good abrasion 
resistance. The carbon range is from 0.30 
to 0.40. It is used extensively for springs. 

Type 440-A— 

Type 440-B— 

Type 440-C—With carbon contents of 
0.60, 0.80 and 1.00%, respectively, these 
steels have hardnesses surpassing those of 
all other grades of stainless steel. The 
chromium content is between 16 and 18%. 
Type 440-C has maximum abrasion resis- 
tance, but somewhat less toughness and cor- 
rosion resistance than the other two 440 


types. 


Special Stainless Steels 


During the last few years several im- 
portant stainless steels have been developed. 
These are too new to have been accepted as 
standard American Iron & Steel Institute 
grades, but they do fit a definite need. 


Armco Steel Corp. and Carnegie-Illinois 
Steel Corp. are both producing precipitation 
hardening stainless steels. These steels com- 
bine the best properties of the chromium- 
nickel and the straight chromium stainless 
grades. They are readily fabricated by form- 
ing or machining, and they can be heat 
treated to hardness approaching those ob- 
tained in the Type 440 stainless steels. Their 
corrosion resistance compares with the aus- 
tenitic stainless grades, and they are not 
subject to intergranular corrosion when sub- 
jected to heat. 


Stainless Steels 


The same two companies, Carnegie- 
Illinois Steel Corp. and Armco Steel Corp., 
are also producing 18:8 stainless steels with 
the carbon content held to a maximum of 
0.03%. The low carbon level in these steels 
makes them ideally suited for welding ap- 
plications where annealing is not possible 
or desirable. In effect they prove less ex- 
pensive as an alternative to the stabilized 
grades. However, these steels will become 
sensitized upon continued exposure to tem- 
peratures between 750 and 1600 F. In most 
other respects the low carbon stainless steels 
exhibit properties which correspond closely 
to the 18:8 grades of stainless. 

One other special stainless should be 
listed here. It is known as Stainless #20 
and is produced by Carpenter Steel Co. The 
steel is the wrought version of Durimet 20, 
a “super corrosion resistant” cast stainless. 
The wrought material is now available in 
all standard forms. Its outstanding charac- 
teristic is its resistance to the corrosive 
effects of sulfuric acid. Stainless 20 has an 
exceptionally high (29%) nickel content 
and contains 3% copper. Mechanical prop- 
erties correspond to those of the 18:8 steels. 


One of the newer uses of stainless is for 

structural parts of ships, such as these de- 

stroyer stacks made by Heintz Manufac- 
turing Co. 
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Corrosion Resistance of Representative Stainless Steels 

















Corrosive Media F 430 | 302 | 316 
Acetic Acid 
5% 70 A A A 
5% 180 — | A A 
10% 70 Oat ae ay 
10% 180 _— A A 
20% 70 A A A 
20% 180 —a0 A | A 
50% 70 B | to 
50% 180 -_— | B |). A 
80% 70 Pes A A Bihar: 
80% Boiling — | C A 
100% 70 A A A 
100% 180 — A A 
100%—150-Lb. Pressure 400 anes * B 
Acetone Boiling A bo A 
Acetylene 70 Ani = A 
Alcohol-Ethyl 70 Ae hh A 
Alcohol-Methy! (Methanol) 7 A A A 
Alcohol-Methyl (Methanol) 150 B' B' A 
Alum—2% and 10% 70 A’ A’ A 
2% and 10% Boiling B' A’ A 
Sat. 70-212 B' A’ A 
Aluminum Molten C C G 
Ammonia 
Any Conc. Aqueous Sol. 70-212 A A A 
Anhydrous 70 A A A 
Hot oe & C 
Ammonia Liquor 70 — A A 
Aniline—3 % 70 A A A 
Conc. Crude 70 A A A 
Arsenic Acid 150 — A A 
Baking Oven Gas — A A A 
Barium Carbonate 70 A A A 
Benzol—Commercial 70 & Hot A A A 
Pure 176 A A A 
Blood (Meat Juices) Cold A’ A’ A 
Borax 5% Hot A A A 
Buttermilk 70 A A A 
Carbon Tetrachloride 
CP 70 & Boil. A A A 
Commercial 70 A’ A’ A 
Moist at High Temp. — C G * 
(Vapors Refluxed) Boiling C S C 
Chlorinated Water—Sat. 70 C . B’ 
Chlorine—Dry Gas 70 B B B 
Moist Gas 70 C Cc C 
Gas 212 C Cc 4 
Cider 70 A A A 
Citric Acid 
5% Still 70 & 150 A A A 
15% | 70 & Boil. A A A 
Sat. | Boiling — B B 
5% (at 45 Psi.) 284 wns Cc A 
25% Sol.+0.6% H2SO, 68 — A — 
25% Sol.+0.75% H2SO. 68 — G — 
Coca-Cola Syrup (Pure) 70 A A A 
Coffee Boiling A A A 
Copper Nitrate 70 to Hot A A A 
Copper Sulfate (All Conc.) 70-150 B* A A 
Creosote—(Coal Tar) Hot — A A 
(Oil) Hot — A A 
Developing Sol. (Photographic) | 70 A A A 
Epsom Salt | Hot & Cold A A A 
Ether (Ethyl) 70 A A A 
Ethyl! Chloride 70 A A A 
Fatty Acids 70 A A A 
Food Pastes — A A A 
Fruit Juices 70 A A A 
Fuel Oil Hot _ A A 
Furfural 70 - A A 
Gasoline (Benzine) 70 A A A 
Gelatine — A A A 
Glue Dry 70 A A A 
Glycerine 70 A A A 
Hydrochloric Acid All Conc. | 70 Cc C G 
Hydrogen Peroxide, Acid Free | 70 & Boil. A A A 









































A—Usable under most conditions. P 
B—Subject to attack but can be used with caution. 
C—Attack too severe to use 
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Corrosive Media F 430 | 302 | 314 
———e 
Ink oui “=e A? | A 
lodine 70 C Cie 
Kerosene 70 A A | A 
Ketchup 70 A’ A‘! 4 
Lactic Acid— 1% 70 & Boil A Ala, 
5% 70 A A | al 
5% 150 A B A 
5% Boiling B Bi 4 
10% 70 A As 
10% 150 — C B 
10% Boiling C G B 
Conc. Boiling | — A 4 
Conc. 70 _— C " 
Lard 70 mo eA) 
Lead Molten mss A A 
Lysol — < | C C 
Mayonnaise 70 a A'l 4A 
Mercury —- a: ) Ava 
Milk (Fresh or Sour) | Hot or Cold A A A 
Molasses -- | a A A 
Mustard 70 ee Ai! 2# 
Naphtha Crude or Pure 70 A AlA 
Nitric Acid—5-50% | 70&Boil |A&B|} A 4 
| (Boil. ) 
Conc. 70 A A! A 
Boiling C BOR 
Fuming Conc. 70 A A A 
Fuming Conc. 110 A A A 
Fuming Conc. | Boiling G ( C 
Oils Crude | Hot & Cold A’ A A? 
Oils (Vegetables & Mineral) — A’ A A’ 
Paraffin Hot &Cold | A A A 
Picric Acid 70 Ve A ia 
Rosin | Molten | A AoA 
Sauerkraut Brine — | C A 
Sea Water — | B' A’ | A 
Sewage | — [ A? | ; 
Silver Chloride —- tee. ~ C C 
Silver Cyanide 
Electroplating Solution -- [ — A A 
Silver Nitrate -+ A A A 
Soaps 70 A A \ 
Sodium Bicarbonate 70 & 150 A A A | 
Sodium Carbonate—5-50% | 70 & Boil. | A A \ | 
Molten | 1650 — C ( 
Sodium Chloride (All Conc.) | — Ge; A A 
Sodium Peroxide 212 — A \ | 
Soy Bean Oil — — A | 
Stannic Chloride Solution Boiling o C C | 
Steam, COz and Air — B A A | 
Stearic Acid—Conc. 176 : A A 
Sugar Juice — a A A 
Sulfur 500 Molten | A A A | 
Sulfur Dioxide—Gas Moist 70 zz, ee. 
Gas Dry | SF ae A \A 
Sulfuric Acid— 5% i 70 . BiA 
| Boiling C C B 
10% li V9 B BIA 
| Boiling C C C 
50% 70 * . B 
Boiling Cc C C 
Conc. 70 A A A 
Boiling B B B 
Conc. 300 C C C 
Fuming 70 ;— B A 
Syrup — | ome A A 
Tartaric Acid 70 Bee A A 
ee A | 4 
Tin Molten | C ( C 
Tomato Juice — — A A 
Trichlorethylene, Pure 68 B' A A 
Tung Oil — [_— A A 
Varnish 70-Hot | A A A 
Vegetable Juices a a A A 
Vinegar | 70 A A A 
Vinegar Fumes | — A A 
Zine | Molten | C Se | ae 
1 Subject to pitting. 
2 Subject to attack when HeSO« is present. 
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At the risk of becoming repetitious, it 
must be restated that the principal reason 
lor using a stainless steel, at least in 
wrought form, is for its corrosion resistance. 
There are many instances where other ser- 
vice requirements become important, but, 
with the exception of high temperature 
strength and scale resistance, the other re- 
quirements ate secondary to corrosion re- 
sistance as reasons for buying stainless steels. 

As a class, stainless steels offer high 
strength, resistance to scaling and oxidation 
at high temperatures, good short time 
strength at high temperatures, and high 
hardness and abrasion resistance. Of course, 
hot all of these properties can be had to the 
highest degree in any one steel. Under 
certain circumstances, then, it becomes nec- 
“sary to make some compromise. 
aareneta ly speaking, it is impossible to 

atly recommend one stainless steel for any 


Re plication. The best that can be 
_ is tc choose a grade or group of grades 
> seem to offer the best combination of 
Properties and then test the steel or steels 
thorough |y 


In general, both the corrosion resistance 
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After 13 years of constant service, the stainless steel trains of the Builington 
down, the internal stainless steel structure was examined to see how it has stood up. No evidence of corrosion was found on the stainless steel 
parts. (Courtesy Allegheny Ludlum Steel Corp.) 


Stainless Steels 









and the resistance to scaling of the stainless 
steel increase with the higher chromium 
contents. In addition, substantial percentages 
of nickel add to corrosion resistance. There- 
fore, it is reasonable to assume that the alloy 
content of a stainless steel is a good guide 
to its ability to resist the attack of oxidizing 
corrodents, of the atmosphere and its resis- 
tance to high temperatures. The strength re- 
lationships of the stainless steels do not 
follow the same pattern, since strength prop- 
erties depend on several other factors. 

No attempt is to be made in this section 
to recommend any one stainless steel for a 
specific application. We can help in narrow- 
ing a choice to a few grades of stainless so 
that a potential user can have some point 
from which to start in making a final choice 
for his product. 

Before making a final choice, two steps 
should be taken: 

1. Seek the advice of your producer. His 
knowledge and experience can save consid- 
erable time and expense in many instances 
through past handling of problems similar 
in nature to yours. The producer should be 
told as much as can be told about the re- 
























Zephyr were taken apart for overhaul recently. When stripped 





Selecting Stainless Steels for End Service Requirements 


quirements of the product, conditions under 
which it will operate, and the methods to 
be used in its fabrication. All of the pre- 
ceding have considerable bearing on what 
steel can be used. 

2. After a choice of stainless has been 
made, test the potential application as thor- 
oughly as is possible. When actual condi- 
tions can be used for testing, the chances of 
misapplication are slightest. Should actual 
service conditions not be practical, simulated 
service tests might have to do. Least desir- 
able are laboratory test data, because data 
so developed sometimes tell little about the 
ultimate behavior of the metal because lab- 
oratory conditions are too ideal. 

Few producers of stainless steel will 
attempt to make a recommendation unless 
the buyer tells all of the conditions of use 
and manufacture. Such an attitude prevents 
many misapplications of stainless steel and 
does much to protect the reputations of its 
makers. 

In this section, the text will point out 
some of the steels which can be considered 
for certain service requirements, and the 
graphs and tables will show comparative 
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Type 416 Resistance to Scaling 


of Representative 
Stainless Steels 


Type 410 
Types 430 
& 43! 


Types 316 
321 & 347 


Types 302 
& 304 


Type 302-8 








Type 446 
Type 309 


Type 310 




















Tensile Strength at Elevated Temperatures 
of Representative Stainless Steels 


[__}1,000F RS ii200 BH 500° 


Type 430 





Type 446 
TPE 410 RP hha 


Types 302 
& 304 
Type 32! 


Types 3/16 
& 3i7 


Type 347 


Types 309 
& 310 
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Creep Strengths of Representative Stainless Steels 
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Type 446 





Type 430 








Type 416 








Type 410 








Type 43! 














Types 302 
& 304 








Type 321 








Types 309 
& 310 








Type 347 








Types 316 
& 317 
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'e) 5,000 10,000 15,000 20,000 25,000 
Psi, to Cause Elongation of 1% in 10,000 hr. 
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properties of representative stainless » 
Certain choices will be restricted to o.: 
steels due to the form required for the, 
plication. In other words, the idea] Steel 

not be available in every form 


Corrosion Resistance 


Corrosion resistance in stainless steel 
hard to define and isolate. For while cen 
steels in this classification are highly 
sistant to corrosives of certain types, 4 
offer practically no resistance to others T 
the steels resist the corrosive action of y 
substances if the substance is agitated 4, 
tation increases the corrosive action of « 
tain other attacking mediums. Impuriti«; 
some acids have a decided effect upon thy 
corrosive action, increasing it in some cm 
and reducing it in others. 

Since alt of the stainless steels hay 
minimum of 12% chromium, they ar; 
resistant to atmospheric corrosion. Even y 
under some industrial conditions the sy 
less surfaces require occasional cleaning; 
make certain that no foreign matter js pig 
a chance to cling to the surface of the ga 
and form a point of attack. After seve 
years of exposure to mild industrial atm 
pheres, Type 410 will show rust 

The austenitic (chromium-nickel) sted 
are highly resistant to various corroden 
but if certain of these steels are subjece 
to heat between 750 and 1600 F, they af 
likely to fail through intergranular com 
sion under sufficiently corrosive condition 
The same failure is possible with the 
steels if they have been welded and m 
given a subsequent anneal. 


Two accompanying tables give some clu 


Corrosion Resistance of Staines 
Steels 


(In Order of Increasing Resistance 





12% Chromium Steels 
416 
410, 403 
405 
406 
420 
414 





17% Chromium Steels 
440-C 
440-B 
440-A 
430-F 
430 
431 


27 % Chromium Steels 


446 


18% Chromium-8 Nickel Steels 
303 
301 
302 
302-B 
305 
304 
421 
347 
308 


25% Chromium-20 Nickel Steels 


309 
310 2 


Chromium-Nickel-Molybdenum Steels 
316 
317 
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Stainless Steels 









































a 8 » the general corrosion resistance of the The least scaling occurs in those steels ture properties, stainless steels have good 
for the dard stainless steels. having the highest chromium content, be- creep strengths at high temperatures. In this 
Ll stee| Me table lists the standard grades in cause chromium in the steels forms a highly property, too, the chromium-nickel grades 
+ of their increasing resistance to many impervious, adherent chromium-oxide film seem to excel. Type 316, for example, has 
sive media. As can be seen, Types 316 at high temperatures. Scaling is accelerated a creep strength of better than 10,000 psi. 
317 can be considered to have the best when the steel is subject to repeated heating at 1200 F; this compares with the best 
ssion resistance. Closely following these and cooling, due to the expansion and con- straight chromium grade, Type 431, which 
Types 309 and 310. The least corrosion traction of the base metal. When heating has a creep strength of approximately 2500 
SS stee| tance, generally speaking, is to be found and cooling cycles are anticipated, straight psi. at the same temperature. 
rile cery e 12% chromium steels, including chromium steels will probably serve best, as Creep strength is expressed as the stress 
highly gE. 416, 410, 403 and others with the the rate of thermal expansion is less than in pounds per square inch of cross-section 
YPes, t alloy content. that of chromium-nickel stainless steels. that will cause an elongation of 1% of the 
thers, Ty e second table lists several corrosive The best resistance to scaling under aver- original length in 10,000 hr. . 
n Of soql.-; and shows the relative resistance to age conditions is offered by Type 446 in Representative strengths are shown in an 
‘ated. Ag: attack of three grades of stainless. The the straight chromium steels and Types 308, accompanying chart. 
ON Of elec grades shown will indicate the general 309 and 310 in the chromium-nickel grades. 
PUrities MMM avior of other standard grades of stain- All of these steels resist scaling up to 2000 
1pon the 4s follows: F, with Type 310 offering the best all- Strength and Hardness 
‘OMe CAMMMT ype 430 will suggest the corrosion re- around properties. ; 
ance of Types 440-A, 440-B, 440-C, An accompanying chart indicates the safe Tensile strengths of all stainless steels are 
Is have n heat treated, and 430-F. working temperatures of several representa- good, ranging from approximately 70,000 
ey are ype 302 indicates the resistance to cor- tive standard grades of stainless steel. psi. to 120,000 psi. in the annealed condi- 
- Even Gon of Types 301, 303, 304, 308, 321 tion up to between 100,000 and 300,000 
the sci) 3.47, . psi. when hardened. 
Caning | nd Type 316 data also can be used for Strength at High Temperatures There is a close relationship between 
TAS 2G 317. + sila : tensile strength and hardness and between 
| the seaMMBINone of the corrosion data on stainless In addition to resisting scaling at high hardness and abrasion resistance. Therefore, 
ST SCVeuld be considered as conclusive until the temperatures, certain grades of stainless steel where any of these properties—strength, 
lal atm terial has been tested under conditions offer relatively high tensile strengths up to hardness or abrasion resistance—are desired, 
near to actual service conditions as is about 2000 F. Generally speaking, the the heat treatable straight chromium grades 
cl) sel ible. The data shown merely help to chromium-nickel grades of stainless have the will be the first choice. On the other hand, 
rodenwlminate those steels which will not serve best high temperature strengths at all tem- if ductility is high on the list of require- 
Subjea der any circumstances. perature levels. One exception is Type 446, ments, one of the chromium-nickel grades 


they a which at 1000 F equals the tensile strength of stainless would be best. 
ar corn of the best chromium-nickel steels, namely The greatest tensile strength and highest 


DNdition Hh-Temperature Oxidation Types 309, 310, 316 and 317. However, an hardness is to be found in Type 440-C, 
ith thes : increase in temperature of 200 F causes the which is often used for such parts as bear- 
and 1 istance tensile strength of Type 446 to drop tre- ings and bushings. Tensile strength in 


mendously. ; 440-C can be raised to about 300,000 psi. 
h An sg, 08 yi chart shows the relative through appropriate heat treatment. Room 
ling at high temperatures. All of the pares yore BE ry a? strength of temperature strengths of most of the 18:8 
Ginlesmmminiess steels offer better resistance to this ; stainless types range from about 100,000 to 
pe of destruction than do the plain carbon 180,000 in the cold worked condition. 
els. All of the stainless steels can be used Creep Strength In general, the highest tensile strengths 
nce tely up to 1200 F, many of them above are attained in the smaller cross-sections of 
00 F, and a few up to.2000 F. In addition to other good high tempera- stainless steels, and decrease as size increases. 


ome dum Many applications of stainless steel re- 
ire that the material resist oxidation and 


owth in the use of stainless steels has made necessary the use of larger and faster mill equipment such as this 56-in. mill which rolls stainless 
ai speeds up to 850 ft. per min. in Crucible Steel’s new Midland, Pa. Works. 


HOD 
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Many large shapes made from stainless are produced by spinning. 


(Courtesy Carnegie-Iilinois Steel Corp.) 


One grade of stainless is particularly suited to forming by spinning 


The Effect of Processing Methods on Stainless Steel Selection 


A potential user of stainless steel would 
be extremely foolhardy if he were to select 
a specific grade simply because someone 
else is using that grade, unless all conditions 
of manufacture and use are identical. The 
type of equipment—and its condition— 
used in fabricating wrought stainless steel 
into a finished product has a great influence 
upon the final choice of material. 

The primary reason for the use of stain- 
less steel, of course, is to take advantage of 
its corrosion resistance. For this reason, the 
steels of this type are not provided with 
the optimum in fabricating properties. How- 
ever, over the years producers of stainless 
steels have modified the steels somewhat to 
give certain of them specific fabricating 
characteristics. Consequently, certain grades 
of stainless are easier to machine, others 
form more readily, and still others are less 
susceptible to sensitization in welding. 

In this section, certain steels will be listed 
as being particularly suited to certain meth- 
ods of fabrication. However, before a final 
choice is made there are two important 
steps to be taken: 

1. Tell your producer to what use you 
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intend to put the steel and exactly how you 
intend to process it. 

This step is important, for if you have 
made a faulty selection, an alternative ma- 
terial can be suggested. Even if the choice 
is proper, steels within specific compositional 
limits vary in properties according to 
whether the alloy content is on the high or 
low side. Therefore, if the supplier is given 
complete information about the use and 
fabrication of a steel, he can make an effort 
to furnish a stainless grade that comes 
as near to your ideal as is possible. 

2. Even after a selection has been es- 
tablished with the help of your supplier, 
it is not wise to run any large quantity of 
steel until you have fabricated a sample run 
on your own equipment. 

A test run might seem to be a waste of 
time and money, but it will prove to be 
the cheapest insurance against future trouble. 

It must be remembered that any of the 
usual fabricating methods can be used to 
fabricate any grade of stainless steel. Some- 
times a specific property of a stainless steel 
is desired above all else. When this is true, 
the fabricating characteristics mean little. 


As an example of this condition, let's look 
at the metal cone used in large televisiol 
viewing tubes. In searching tor a met 
one condition was that the metal shoul 
have a coefficient of expansion that matt 
the expansional properties of glass. Staiales 
Grade 446 was found to be best. The cons 
are spun. Therefore, in this case 4 s@ 
which would never be chosen for fabric 
tion by spinning is used and is being splt 
If a stainless with the best characteristt 
for spinning had been chosen, Type 305 
would have been used. 

From the preceding it can be seen til 
nearly any selection of stainless steel * 
volves some compromise. Therefore, ® 
important that the end service r¢ juiremen 
of the application be clearly establishes 
grades of stainless chosen which will met 
these requirements, and then a final chow 
made from those which offer the 
fabricating characteristics for thos process 
employed in your plant. Where there ® 
only one grade of stainless that mes 
service requirements, then the abricating 
characteristics mean little as selectio# 
factor. 
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injoss Steels for Cold Forming 


a group, the austenitic stainless steels 
the best formability properties and, 
cases, ate chosen for applications 
slving deep drawing and spinning. How- 
for shallow forming, one of the fer- 
‘steels—LType 430—is useful. This steel 
he formed by the practices followed 
forming carbon steels, and drawing is 
if same S “ 4 
Drawing—For all-around drawing prop- 
ies, Types 305 and 302 are good choices. 
ith Type 302, annealing between draws 
he necessary more often than with Type 
which work hardens to a minimum. 
‘pe 430, as indicated, is easily formed 
j provides a relatively low cost stainless 
strength requirements are not too 
h. Other stainless grades most frequently 
nsidered for deep drawing are Types 
4 405 and 410. . 
Spinning—Most of the stainless steels 
have good deep drawing properties 
n be spun with relative ease, except that 
bk hardening might make necessary fre- 
t anneals. To provide a satisfactory 
inning grade, Type 305 was developed. 
ne 305 work hardens much less than the 
er 18:8 grades, therefore deformation 


can be greater before annealing becomes 
necessary. 

Type 305 is also used extensively for 
cold headed and upset parts, because it does 
not work harden rapidly. 


As a group the stainless steels are rela- 
tively easy to weld. One rule of thumb 
which some stainless experts cite is that 
any stainless which can be formed readily 
can be welded readily. This works out to 
the extent that the chromium-nickel steels 
are the best for forming and also include 
the steels which would be chosen were 
weldability the most important fabricating 
requirement. Therefore, the 18:8 chromium- 
nickel steels are selected wherever possible 
for fabrication by welding. 

The chromium-nickel steels, as has been 
discussed, are subject to heat sensitization. 
Therefore, a stabilized grade is required if 
the product is too large or unwieldy to be 
annealed. 

Type 347 stainless, which is an 18:8 
grade stabilized with columbium, is the most 
popular welding grade of stainless. Closely 
following in popularity is Type 321, which 


Stainless Steels 


is also stabilized. In the latter steel, titanium 
is the stabilizing element. Of the standard 
unstabilized grades Type 304 stands highest, 
because it is less heat sensitive than the 
other plain 18:8 steels. It was originally de- 
veloped for welding. 

While not yet standard, stainless steels 
with carbon contents held to a minimum 
are now being offered for welding applica- 
tions. 


Machinability 


All of the standard steels can be ma- 
chined, although some of them require 
speeds considerably lower than would be 
used for carbon steel cutting. Where work 
hardening is likely to occur, deeper cuts 
are required, making necessary still slower 
speeds and more power in the machine 
tool. 

Recognizing the fact that stainless steel 
fastening devices and other products on 
which considerable machining is required 
would be desirable, steel producers made 
available steels which could take advantage 
of the speed of automatic screw machines. 
Now there are three standard free machin- 


Pails for handling chemicals and foodstuffs are being formed from stainless. In this case Type 
347 is used, because welding is required. (Courtesy Armco Steel Corp.) 
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Machining Speeds of Several Widely Used Stainless Steels 














Surface Feet per Nearest Equivalent in 
Minute for Ordinary Steels (as to 
Grade Turning Machinability) 
302 & 304 40/85 Copper-nickel alloys 
303 85/120 SAE 3120, 3145, 4615 
305 40/85 SAE Copper-nickel alloys 
316 & 317 40/85 SAE Copper-nickel alloys 
321 & 347 60/90 SAE Copper-nickel alloys 
403 & 410 80/115 SAE 3140, 4140, 6140 
414 40/80 SAE 3150, 6150 
416 110/140 SAE 1030, 1120, X 1340 
420 40/80 SAE 1095, 3150, 3312 
430 85/115 SAE 3140, 4140, 6140 
430 F 120/150 SAE 1030, 1120, X 1340 
440 C 40/60 High-speed tool steel 











ing stainless grades, one in each of the major 
stainless groups. Since they have been de- 
veloped primarily for machining, these 
grades of stainless are produced in bar and 
wire forms. In the case of all three steels, 
phosphorus, sulfur or selenium are added 
to the steel’s composition to make them 
machinable. The three steels designated as 
free machining have machinability ratings 
of about 85% that of Bessemer screw stock. 
In the 18:8 grade of stainless, Type 303 
is the machinable steel. Its important proper- 
ties are essentially those of Type 302. In 
the ferritic stainless group, Type 430-F is 
provided for machinability. As might be 
imagined, the properties of Type 430-F 
parallel closely those of Type 430. In the 
hardenable stainless group is found Type 
416, which comes close to duplicating the 
properties of Types 403 and 410. 


Problems in finishing as a selection factor 
in choosing a stainless steel are not too 
important except in the case of the free 


machining grades of stainless. It is difficult 
to obtain a good finish on the free machin- 


ing grades by any of the common polishing 
methods. Electropolishing has a tendency 
to turn stainless steels of the free machining 
type black, and these steels resist the high 
polish which can be attained on many of 
the other grades of stainless. 

It is important, however, to specify the 
type of finish desired when stainless sheet 
is ordered. For example, if the manufacture 
of a product involves considerable rough 
handling, it would be foolish to order the 
stainless steel with any of the three high 
polishes available. Likewise, where the 
product is not to be visible or in cases 
where attractiveness is not important, a 
cold rolled finish would be satisfactory. 


Special Purpose Steels 


Another important reason for checking 
with suppliers and giving them complete 
information as to uses and methods of 
fabricating stainless steel lies in the fact 
that several special purpose steels are now 
available from certan producers of stainless. 
These steels have been developed to meet 
specific service and fabrication requirements. 





Conclusion 


From much of the foregoing, it might be 
concluded that there still is much to be 
learned about stainless steels and their be- 
havior. As with all engineering materials, 
that is true to a certain extent of stainless 
steels. The fact is that considerable informa- 
tion is available on stainless steels and their 
behavior under specific conditions. However, 
certain small variations in conditions can 
alter the results obtained when using stain- 


98 


less. That is why all aspects of its use and 
manufacture must be taken into considera- 
tion before making a final choice. 

Part of the difficulty in making simple, 
clear-cut recommendations for stainless steel 
applications lies in the fact that in most 
cases it is decided upon when other ma- 
terials fail or prove impractical. In short, 
stainless steel gets the tough jobs where 
even the requirements are hard to define. 





To illustrate, one individual used gj. 
acid in his manufacturing process, }. . 

hy 
a tank made of Type 304 stainles , 
found that it withstood the action of pix: 
satisfactorily. An acquaintance in the 
business heard of this and decided to jy 
a similar tank made. His failed jn q ,, 
time. Investigation showed that the {, 
man used pure nitric, while the S€COnd use) 
less pure acid. The slight amount of jg, 
purity in the second case was sufficient » 
alter the corrosion resistance of the stainly 
steel. 

Several times in this manual the sy 
tion has been made that before making , 
final selection of stainless steel—or at exe 
when ordering—full details of the conj 
tions of use and fabricating processes 
revealed to your producer. Technical py. 
sonnel of your supplier might not know qj 
of the answers to application problems, hy 
they certainly know enough to help yy 
avoid the majority of pitfalls in selecting; 
stainless steel. , 

As has been pointed out, the characte. 
istics of a steel can vary somewhat withis 
any analysis. Thus, if a supplier knows tk 
most desirable characteristics for your uy 
he can make certain that the steel you o 
favors your applications. 

There are some instances where standit/ 
AISI stainless steels will not do the jd 
satisfactorily. Most primary producers ¢ 
stainless have a number of special graies de 
signed to meet many of the special require 
ments that arise. 

Once more we re-emphasize the need for 
complete and thorough testing of any grak 
of steel you may choose under conditions o 
manufacture and use as near to actual con- 
ditions as are possible. Handbook and cat 
log data are fine, but should be used only a 
an indication of the usefulness of a material, 
not as the last word on its potential per 
formance. Nothing can tell exactly how: 
material will perform except actual tew 
under real service conditions. 

After you have taken the time and effort 
to pick the proper stainless steel and hiv 
tested it, you can ship your product, cont 
dent that it will provide your customer wi 
many, many years of satisfactory service 
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MATERIALS DATA SHEET 


Wrought Coppers and Plain Brasses 


Typical Properties and Uses 








Electrolytic Tough 


Type Pitch Copper 





Commercial 
Bronze, 90% 


Deoxidized 


Copper Gilding, 95% 


Red Brass, 85% 





Cu, 99.90 min. 


SITION, % (Excluding Impurities) 
= Oxy. about 0.04 





Cu, 94.0-96.0 


Zn, remainder 


Cu, 99.90 min. 
P, 0.015-0.040 


Cu, 89.0-91.0 
Zn, remainder 





Cu, 84.0-86.0 
Zn, remainder 





PHYSICAL PROPERTIES 
Density, Lb./Cu. In. . 
Melting Range, F 
Ther. Cond., Btu./Hr./Sq. Ft./Ft./F, @ 68 F 
Coeff. of Exp. per F (68-572 F) 
Spec. Ht., Btu./Lb./F, @ 68 F 
Elect. Res., Microhm-Cm, @ 68 F (Annealed) 


0.321-0.323 
1949-1981 
226 
98x 10° 
0.092 
1.71 





0.320 
1920-1950 


0.323 
1981 
196 
9.8x 10° 
0.092 
2.03 


0.318 
1870-1910 
109 
10.2 x 10° 
0.09 
3.9 











MECHANICAL PROPERTIES 
Mod. of Elasticity in Tension, Psi. 
Tensile Str., 1000 Psi.:* 
Annealed® 
Half Hard 


17.0 x 10° 


32.0, 35.0 
42.0 





50.0, 55.0 
55.0, 66.0 


Hard 

Spring 
Yield Str., 1000 Psi.:* 

Annealed® 

Half Hard 

Hard 

Spring 
Elongation in 2 In., %: 

Annealed* 

Half Hard 

Hard 

Spring 
Hardness, Rockwell: 

Annealed® 

Half Hard 

Hard 

Spring 
Shear Str., 1000 Psi.: 

Annealed® 

Half Hard 

Hard 

Spring 
Endurance Str., 1000 Psi.* (100 million cycles): 

Annealed® 

Half Hard 

Hard 

____ Spring < 
FABRICATING PROPERTIES 

Capacity for Being Cold Worked 
Capacity for Being Hot Worked 
Hot Working Temp., F 1400-1600 
Annealing Temp., F | 700-1200 
Machinability (Free-Cutting Brass — 100) 20 
Joining Characteristics: 

Soft Soldering 

Silver Alloy Brazing 

Oxyacetylene Welding 

Carbon Arc Welding 

Resistance Welding 
Common Fabrication Processes | 


10.0 
36.0 


50B 
60B 


22.0, 24.0 
26.0 
28.0, 29.0 
29.0, 33.0 


Excellent 
Excellent 


Excellent 

Good 

Poor 

Fair 

Poor 
| Blanking, coining, 
| swaging, stamping. 
Coppersmithing, 
heading and up- 
| setting, hot forg- 
| ing and pressing, 
| impact extrusion 
roll threading and 
knurling. 
| ring. 


CORROSION RESISTANCE _ 


Flat products, rod, 
wire, tube pipe, 
|_ shapes. 


Architectural trim; 


AVAILABLE FORMS 


TYPICAL USES 


automobile radia- 
| tors; electrical con- 
| tacts, conductors 
| and switches; ball 
| floats; rivets; 





equipment. 


| 
| 
40B | 
| 


“Tube, pipe, rod, 


| chemical process 












0.316 
1810-1880 
92 
10.4x 10° 
0.09 
4.7 








17.0 x 10° 17.0 x 10° 17.0 x 10° 





34.0 
48.0 
56.0 
61.0 





32.0 
42.0 
50.0 
55.0 


37.0, 40.0 
45.0, 60.0 
54.0, 74.0 
72.0, 90.0 


10.0 
40.0 
50.0 
55.0 


10.0 
45.0 
54.0 
62.0 


10.0 
36.0 
45.0 
50.0 


45 45 45, 50 
25 12 , 6 
8 5 

ins 4 

46F 

52B 

64B 

70B 


40F 
40B 
50B 
60B 


26.0 
34.0 
37.0 
39.0 


22.0 
26.0 
28.0 
29.0 


an 10.0 
14.0 15.5, 
19.0 17.0, 
18.5 19.0, 


19.0 
21.0 
23.0 


Excellent 
Good 


Excellent 
Good 


Excellent 

Excellent 

1400-1600 1400-1600 | 1400-1600 

700-1200 800-1450 800-1450 
20 20 20 


| 
| 


Excellent 
Excellent 
Good 
Good 
Poor 
shearing, 


Excellent 
Excellent 
Fair 
Good 
Poor 
piercing and punching, 


Excellent 
Excellent 
Fair 
Good 
Poor 
drawing, etching, 
Forming and bend 
ing, heading and 
upsetting, hot 
| forging and press- 
| ing, roll threading 
| and knurling. 


Forming and bend- | Forming and bend- 
ing, coppersmith- | ing. 

ing, hot forging and | 

pressing. | 


Generally good resistance to industrial, rural and marine atmospheres; gasolines; fuel oils; lacquers. 
| Generally poor resistance to ammonia, ferric and ammonium compounds, and cyanides. 
| resistance to weak acids and bases; 


some resistance to strong acids and bases. 
Highly resist. to dezincification or 


| Rolled strip. 

plate, rod, 

_| tube. 

Plumbing and gas | Coins; bullet jack- | Grillwork: cos- 
lines; heat ex-| ets; fuse caps; | metic compacts; 
changer tubes, air, | primers; jewelry; i 
water, gasoline | base for gold plate | 
and oil lines; ro- | or vitreous enamel. 
tating bands. | 


rolled strip. wire, 


primer caps; cos- 


reous enamel base. 


spinning, 


stress-corr., 


Rolled strip. sheet, 


marine hardware; | 


tume jewelry: vit- 


































17.0 x 10° 


39.0, 41.0 
57.0, 72.0 
70.0, 88.0 
84.0, 105.0 


10.0 
49.0 
57.0 
63.0 


48, 48 
12, 8 
5, 6 
3 


56F 
65B 
77B 
86B 


ohm, : 
37.0, 
42.0, 
46.0, 


10.5 

18.0, 27.0 
21.0, 29.0 
24.0, 27.0 


Excellent 
Good 
1450-1650 
800-1350 

30 


Excellent 

Excellent 
Good 
Good 
Poor 

squeezing and 


Forming and bend- 
| ing, heading and 
upsetting, roll 
threading and 
| knurling. 


| 


cracking. 

Best gen. corr. res. 
among plain brasses 
Rolled strip, sheet, 
wire, tube, pipe. 


Weatherstrip; elec- 
trical sockets; 

| fasteners; heat ex- 

| changer tubes; 

| flexible hose; 

| plumbing lines; 
jewelry. 








(Continued on page 101) 
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Another cost-saving advantage for users of 


TUBING... , a 








to match production, fabrication 
or end-use requirements 


You have a wide choice of 


BaW MECHANICAL TUBING 


TYPES—Seamless (hot finished and cold ASK the B&W TUBE 
drawn). Welded (from hot or cold rolled j 
strip). REPRESENTATIVE 


GRADES—Carbon, Alloy, and Stainless. 


SIZES—Up to 8%” O.D. in full range of wall 
thicknesses. 


8 
QUALITY—Open-hearth and electric furnace P > Ura 


ae Lon) 


steels, including aircraft and magnaflux vee 
qualities. Ss é$ 
CONDITION—Unannealed, annealed, tem- | RS Ke 
pered, normalized, or otherwise heat-treated ~~ TUBES 
as required. TURKS 
SURFACE FINISHES | Seer 


Seamless—Hot finished, hot finished and 
scale free, cold drawn, turned, polished. 


Welded—Hot rolled or cold rolled with bead 
in or bead removed, polished. 


SEND FOR BULLETIN TB-324 





NUMBER 192 (Continued) 


WROUGHT COPPERS AND PLAIN BRASSES 





Type 


Low Brass, 80% 


Cartridge Brass, 70% Yellow Brass 


Muntz Metal 





“COMPOSITION, % (Excluding Impurities) 


Cu, 78.5-81.5 
Zn, remainder 


Cu, 63.0-68.5 
Zn, remainder 


Cu, 68.5-71.5 
Zn, remainder 


Cu, 59.0-63.0 
Zn, remainder 





PHYSICAL PROPERTIES 
Density, —, 
ting Range, 
= Cond., Btu./Hr./Sq. Ft./Ft./F, @ 68 F 
Coeff. of Exp. per F (68-572 F) 
Spec. Ht., Btu./Lb./F, @ 68 F 
Elect. Res., Microhm-Cm, @ 68 F (Annealed) 


0.313 
1770-1830 


0.306 
1660-1710 


0.308 
1680-1750 
70 
11.1x 10° 
0.09 

6.2 


0.303 
1650-1660 
71 
11.6x 10° 
0.09 

6.2 








MECHANICAL PROPERTIES 
Mod. of Elasticity in Tension, Psi. 
Tensile Str., 1000 Psi.:* 

Annealed® 
Half Hard 
Hard 
Spring 
Yield Str., 1000 Psi.:* 
Annealed® 
Half Hard 
Hard 
Spring 
Elongation in 2 In., %: 
Annealed® 
Half Hard 
Hard 
Spring 
Hardness, Rockwell: 
Annealed* 
Half Hard 
Hard 
Spring 
Shear Str., 1000 Psi.:* 
Annealed® 
Half Hard 
Hard 
Spring 
Endurance Str., 1000 Psi.’ (100 million cycles): 
Annealed® 
Half Hard 
Hard 
Spring 








16.0 x 10° 


42.0, 44.0 
61.0, 82.0 
74.0, 107.0 
91.0, 125.0 





12.0 
50.0 
59.0 
65.0 


52, 55 
18, 8 


S555 


. 


wd Dx. Ge Wo 


15.0 x 10° 


46.0, 50.0 
61.0, 88.0 
74.0, 110.0 
91.0, 128.0 


14.0 
50.0 
60.0 
62.0 


65, 60 
23, 15 


16.0 x 10° 


44.0, 48.0 
62.0 
76.0 
94.0, 130.0 


11.0 
52.0 
63.0 
65.0 


66, 64 
23 

Ss 
>, 3 


S4¥ 
70B 
82B 
91B 


32.0, 34.0 
40.0 
44.0 
48.0, 60.0 





10.0 
18.5 





NNORM BWYONn 


NN hp 
Wsss 





FABRICATING PROPERTIES 
Capacity for Being Cold Worked 
Capacity for Being Hot Worked 
Hot Working Temp., F 
Annealing Temp., F 
Machinability (Free-Cutting Brass — 100) 
Joining Characteristics: 
Soft Soldering 
Silver Alloy Brazing 
Oxyacetylene Welding 
Carbon Arc Welding 
Resistance Welding 

Common Fabrication Processes 


‘CORROSION RESISTANCE 


AVAILABLE FORMS 


TYPICAL USES 





— 


_strong acids. 





Excellent 
Fair 
1500-1650 
800-1300 

30 


Excellent 


Good 
Fair 
Poor 


Blanking, drawing, etching, 


piercing and punching, shea 
Roll threading and knurl- 
ing. 


21.0 0.0 
a 





15.0 x 10° 


54.0 
70.0 





Excellent 


Poor 
1350-1550 — 
800-1400 800-1300 
30 30 


Excellent 
Fair 


Excellent 
Good 
Good 

Fair Fair 

Fair Fair 
forming and bending, heading and upsetting, 
ring, spinning, squeezing and swaging, stamping. 

Roll threading and 


Excellent 
Good 
Good 








knurling. 





Excellent 
1150-1450 
800-1100 
40 


Excellent 


Good 

Fair 

Fair 
Blanking, forming and 
bending, hot forging 
and pressing, hot 
heading and upsetting, 





Generally good resistance to industrial, rural and marine atmospheres; gasolines; fuel oils; 
Generally poor resistance to ammonia, ferric and ammonium compounds, and cyanides. 


lacquers. 
Susceptible to dezincificatio 
Good resistance to weak 
bases; some resistance to 
strong bases and weak 
acids; poor resistance to 


Wire, rolled strip and flat 
wire. 


Ornamental metal work; 
battery caps; musical in- 
struments; clock dials; 
pump lines. 


n and stress-corrosion cracking. 


Some resistance to weak acids and bases; poor resistance to strong 
Good resistance to sulfides. Poor resistance to soft 


acids and bases. 
and high salinity water. 


shearing. 








Rolled strip and flat 
wire, drawn flat wire, 


rolled bar, sheet, rod, 


wire, tube. 


Automotive radiator 
cores and tanks; 
lamp fixtures; fast- 
eners; springs; am- 


Rolled strip and flat 
wire, drawn flat wire, 
sheet, plate, rod, wire. 


Grillwork; reflectors; 
lamp fixtures; fasten- 
ers; stencils; plumb- 
ing accessories; springs. 








munition components. 


Architectural trim- 


Rolled strip and bar 
sheet, plate, rod, tube. 


mings; large nuts and 
bolts ; condenser plates; 
hot forgings; valve 
stems. 





NOTES: 


1 " . . . 
Values given for flat products; where two values are given, second is for wire. 


* Yield Strength for 0.5% extension under load. 





8 4 . . . . 
These annealed properties represent those of softest tempers usually used commercially, Annealed tempers must be specified by grain size, 


Prepared with the assistance of the Copper & Brass Research Assn. 








YOUR GUIDES TO PLASTICS 


SHEETS AND MOLDING POWDERS 


PLEXIGLAS for SIGNS 


A “Color Book of Signs and Displays”. Shows many actual 
installations. Gives technical details of the famous Outdoor 
Plastic, PLEXIGLAS, and suggestions for using it to give signs 
longer life, more color, brilliance and legibility. 


¥ ’ 
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PLEXIGLAS—Aerylic Plastic 
SHEETS—RODS—MOLDING POWDERS 


An “all-purpose” idea book—showing PLexicLas in many 
applications, with comprehensive data on sheets, rods, 
molding powders. Physical properties, colors, patterns, 
sizes included. 


Piexicias is a trade-mark, Reg. U.S. Pat. Off. and in principal foreign countries. 


Canadian Distributor: Crystal Glass & Plastics, Ltd., 282 St. Helens Avenue, Toronto, Ont. 


WRITE FOR FREE LITERATURE WHICH INTERESTS YOU MOST 


ROHM & HAAS COMPANY 
Washington Square, Philadelphia 5, Pa. 


Please send me the following literature as described in Materials and Methods. 


I am especially interested in PLexicias for 











NAME TITLE. 








COMPANY 
ADDRESS 








CITY. 








PLEXIGLAS for MODERN STORE FRONTS and Electrical Grade 


PLEXIGLAS for STORE IMPROVEMENT A new pesset 
R ; F nrocessing C€icc 

lllustrated with photographs of actual installations, archi. ga annou 

tects’ renderings and dimensional plans, these two book: aival Dio, Of 


show how PLexictas makes stores modern—inside and 


ville. Ohio. Kae 
the new resin 1S 


outside—whether they’re old or new. 


series intended tc 
requirements. 
Plasticized WwW 
resin compound 
properties: Shor 
mate tensile stre 
elongation—360 
psi.; and tear st 
Plasticized 


has: 


Wi 





compound 
ultimate tensile 


mate elongation 
—2025 psi.; a 
per in. 

The new re 


completely elim 
mer processing 
with calenderin 


lowering Banbi 

tures 10 to 15 « 

Extrusions ¢ 

pounds are cla 

" gloss at temper 

PLEXIGLAS and PLEXENE molding powders those used wil 


and its gloss f 
with a high pe 
can 


Full details of acrylic and styrene-base molding powders 
for injection molding. Included are chemical and physical 
properties—suggestions for use—actual photographs of suc- 
cessful moldings. 


be handl 


processit equ 


Aluminum Gs 
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trical Grade Plastic 


new resin, claimed to be the easiest- 
essing electrical grade yet developed, 
been announced by the Naugatuck 
mical Div. of U. S. Rubber Co., Paines- 
._ Ohio. Known as Marvinol VR-20, 
new resin is the second of a projected 
»s intended to meet different specialized 
lirements. 

lasticized with dioctylphthalate, the 
n compound has the following physical 
erties: Shore “A” hardness—78; ulti- 
e tensile strength—2600 psi.; ultimate 
igation—360%; 100% modulus—1300 
- and tear strength—430 Ib. per in. 
lasticized with tricresyl phosphate, the 
pound has: Shore “A” hardness—85; 
mate tensile strength—2950 psi.; ulti- 
e elongation—340%; 100% modulus 
025 psi.; and tear strength—590 Ib. 





in. 
he new resin is expected to almost 
pletely eliminate the need for copoly- 
processing-aid resins in connection 
1 calendering. In addition, it permits 
ering Banbury and calender tempera- 
s 10 to 15 deg. below previous practice. 
xtrusions of Marvinol VR-20 com- 
nds are claimed to have shown good 
Ss at temperatures 10 to 20 deg. below 
¢ used with most proprietary resins, 
its gloss retention appears good even 
1 a high percentage of filler. The resin 
be handled on conventional vinyl- 
cessing equipment. 


minum Casting Alloy 


| iluminum casting alloy, known 
Aln 35 and possessing high as-cast 
ngth, is being marketed by Wélliam 


lol Inc., Aurora, Ill. The material 
tals to 7.5% magnesium, together 
\ 1950 


New Materials and Equipment 


Materials 


with small-amounts of other alloying ele- 
ments. 

Typical as-cast properties of 40,000 psi. 
ultimate tensile strength, 21,000 psi. yield 
strength, 13% elongation and 70 Brinell 
hardness are claimed for this new alloy. It 
is claimed to have four times the ma- 
chinability of No. 108 aluminum alloy, 
and the highest corrosion resistance of any 
aluminum alloy. As a result, Almag 35 
is said to make available castings with 
properties ordinarily obtained only after 
expensive heat treatments. 

(Ed. note—The properties and applica- 
tions of Almag 35 will be described in 
more detail in a feature article to appear 
shortly in MATERIALS & METHODS.) 





Electrically Conductive Glass 


Electrically conductive glass panels are 
now being produced commercially by 
Corning Glass Works, Corning, N. Y. The 
new material is Pyrex borosilicate glass 
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having a metallic oxide coating about 
1.6x10°° in. thick. The transparent skin 
is a semiconductor of electricity, possessing 
enough resistance to heat the glass up to 
660 F. Electrically conductive glass is cur- 
rently being used for many heating applica- 
tions, such as de-icing windshields, warming 
chicken incubators, and drying textile yarn. 

The electrically conductive surface is 
harder than the glass base and is extremely 
resistant to chemical attack, provided re- 
ducing agents are not present. The extreme 
thinness of the coating makes it necessary, 
however, to avoid scratching the surface 
with an abrasive. 

The conducting film can be applied to the 
glass in a uniform or non-uniform thickness, 
as the application requires. Electrical con- 
tact is made through silver bands per- 
manently bonded to opposite edges. The 
glass can be made with varying degrees of 
resistivity from 6 ohms to several thousand 
ohms per square area. 

At the present time, the E-C glass is 
available only in a limited number of sizes 
of flat panels, though additional forms are 
being developed. (Further information on 
the development, applications and technical 
characteristics of electrically conductive glass 
can be found in MATERIALS & METHODS, 
Aug. 1949, p. 70.) 


Parts & Forms 


Large Plastic Tubing 


Thermosetting plastic tubing up to 26-in. 
O.D., 2534-in. 1D. and 96-in. length is 
now available from Synthane Corp., Oaks, 
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Pa. Large plastic tubing is of special in- 
terest to transformer manufacturers and to 
the textile industry. Maximum diameter 
previously available was 23 in. 


Free-Machining Stainless Tube 


A free-machining welded stainless tube, 
Type 303, has been developed by the 
Carpenter Steel Co., Alloy Tube Dwwv., 
Union, N. J., for products requiring cor- 
rosion resistance combined with good ma- 
chinability. 

The Type 303 tube is recommended for 
parts which must be fabricated by thread- 
ing, turning, reaming, drilling, etc., and for 
intricate or difficult-to-machine parts where 
smooth surfaces are required. Typical ap- 
plications are all types of screw machine 
products, bearings and bushings, instru- 
ment parts, bottle filling nozzles, special 
valve parts, wax molds, soda fountain 
pumps, gasoline stove valve and parts, and 
parts for fishing reels. 

Actual machining tests have shown that 
the tube is as machinable as Type 303 bar 
stock, and can be handled in automatic 
screw machines at about 70% of the speed 


of SAE 1120. In addition to good ma- 
chinability and corrosion resistance, the 
steel has non-galling properties that ease 
disassembly of parts and help avoid scratch- 
ing or galling in moving parts. 

The stainless tube is available in rounds 
or shapes from %4- to 4\4-in. O.D. and in 
all standard wall thicknesses. These welded 
tube forms are claimed to be less expensive 
than other Type 303 tubing heretofore 
available. 

The steel analysis is 0.08 maximum car- 
bon, 17 to 19 chromium, 8 to 10 nickel, 
and 0.07% minimum selenium. Since this 
steel work-hardens rapidly, cold working 
applications such as bending, flaring or 
rolling into tube sheets are not recom- 
mended. 


Welded Steel Tubing 


Resistance-welded steel tubing is now 
available from Wallingford Steel Co., Wal- 
lingford, Conn., in stainless, carbon, alloy, 
cold rolled or hot rolled stock. The tubing 
is being manufactured in 4- to 3-in. O.D., 
24 to 11 gage, cut in lengths of 4 ft. and 
up. 








Heat Treating & Heating 





Salt Bath Furnace 


An Ajax Hultgren salt bath furnace, 
equipped with newly patented submerged 
electrodes, has been announced by Ajax 
Electric Co., Inc., Frankford Ave. at Dela- 
ware Ave., Philadelphia 23, Pa. The fur- 
mace is recommended for use with salt 
baths operating at temperatures from 1700 
to 2400 F, as well as for exceptionally 
deep baths. 

Instead of the electrodes entering from 
the top of the bath, as in the standard de- 
sign, they enter through the back wall of 
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the furnace just below the surface of the 
bath. They are so positioned that, should 
the bath freeze, the salt will shrink suffi- 
ciently to expose the electrodes for re- 
starting. 

Specifically, submerged electrodes are 
recommended for deep baths for heat treat- 
ing long work from 1100 F upward; for 
the high-heat unit used in hardening high- 
speed steel tools at 2200 to 2375 F; for 
high carbon-high chromium dies at 1850 
F; and for all operations carried out in 
neutral salts above 1700 F, such as harden- 
ing carbon and alloy steel, annealing and 


hardening stainless steel, heating 
ing and brazing. 

Primary advantage of using . 
electrodes for high temperature v 
longer electrode life resulting { 
tection against oxidation. In add 
exposed bath surface is reduced to 
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Should the bath freeze, the salt will shrink 
enough to expose the electrodes of the ney 
Ajax Hultgren furnace for restarting, 


mum, which, in turn, is claimed to reduc 
power consumption as much as 30% op 
high temperature units. The restricted bath 
surface also reduces sludge formation. 

Since submerged electrodes are at present 
restricted to use with ceramic pots, this 
design is not recommended for cyanide 
hardening, carburizing, descaling, cleaning 
desanding or use with nitrate salts; the 
much cheaper and long-lived welded stee 
pots are said to give best service for thes 
applications. 


Refractory 


A new lightweight refractory for furnace 
walls and door linings has been developed 
by Harbison-Walker Refractories Co., 180 
Farmers Bank Bldg., Pittsburgh, Pa. 

Weighing only 56 Ib. per cu. ft., H-W 5 
Lightweight Castable has a thermal con 
ductivity 65% less than that of high-duty 
fireclay brick. It is said to have high 
strength and good volume characteristic 
throughout its working temperature range, 
which extends up to 2000 F. 


Induction Heater 
The LI-10 Induction Heating Unit, hav- 


ing a capacity of 10 kw., has been a0- 
nounced by the High Frequency Heating 
Div., Lindberg Engineering Co., 2444 W. 


Hubbard St., Chicago 12, IIl. 

Single- and two-station models are aval’ 
able with high and low impedance tt 
minals at each station. Input is 230 of 40 
v., 3 phase, 60 cycles. All filament voltage 
are automatically regulated by nstant 
voltage type transformers. | . 

The oscillator tube is air-coolea, and 
make-up, temperature-controlled water Sys 
tem cools tank components and wor! coils 


MATERIALS & METHODS 
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The Case of the Complete Coverage 


The McKay Stainless Electrode line completely covers 
your requirements for electrodes to weld all types of 
stainless-steels including the extra low carbon, 
chrome-nickel steels; the high nickel-chrome, heat- 
resisting alloys; and the new steels developed for the 
high-temperature alloys used in super-chargers, heat 
turbines, jet engines and rockets. 


McKay Stainless Electrodes—in Lime, DC Titania 
and AC-DC coatings—are especially designed to 
deposit weld-metal similar in chemical analysis and 
physical properties to the stainless-steels welded 
with them. 


McKay Lime Coated Electrodes are characterized 
by large, hot arc puddles. The slag, though fluid 
when molten, freezes quickly and so makes it easy to 
weld in vertical positions without having the weld- 
metal fall away from or into the weld. 














THE McKAY COMPANY 
404 McKAY BUILDING 


Pittsburgh, Pa. 
Sales Offices: York, Pa. 


McKay DC.Titania Coated Electrodes have small, 
restricted arc puddles and slag that moves quickly 
away from the arc. . . with the result that there is no 
slag interference with the arc action and weld beads 
are smooth and finished. Low spatter loss and easy 
slag removal make these electrodes ideal where ease 
of welding and good weld appearance are important. 


McKay AC-DC Coated Electrodes are recom- 
mended for their arc stability, low spatter loss and 
ease of operation in vertical, overhead and other 
positions. They strike and restrike easily with little or 
no tendency to stick or freeze. The slag produced is 
easy to control and does not interfere with the arc 
action. Weld beads are smooth and uniform. 


Your inquiries are invited on standard and 
“special’’ McKay Stainless Electrodes. Imme- 
diate delivery on standard grades. 


zx Kew KOKO Kcr KOK KKK KK OX 


McKAY STAINLESS-STEEL ELECTRODES 


McKay Welding Engineers will gladly advise you, 
without obligation on the selection of electrodes and 
the most efficient welding procedure to obtain best 
results when welding stainless-steels. 


WRITE FOR CONDENSED DATA SHEET ON STAINLESS ELECTRODES 


=x* w&e Ker Kr KCl r—rChCUC —rCr—rCTrmhC~<éz Ct rrChC~é TCC hC€m 


{ STAINLESS STEEL > MILD STEEL - ALLOY STEEL - WELDING ELECTRODES 


esearched, Developed and Manufactured to fill Industry's Requirements for Dependable Electrodes 


MAY, 1950 
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This system features a water storage tank, 
built-in centrifugal pump, and temperature- 
operated valve. Advantages of this system 








A number of new features have been in- 
corporated in this new Lindberg induction 
heating unit. 


are: greatly reduced water consumption, 
elimination of harmful condensation, less 
sensitivity to water pressure, and unim- 
paired operation in hard water areas. 


Protective Coatings 





Temporary Protective Coatings 


Two temporary protective coatings have 
been developed by Fidelity Chemical Prod- 
ucts Corp., 470 Frelinghuysen Ave., New- 
ark 5, N. J. One is a strippable coating, 
SP-14, for enameled, lacquered and plastic 
surfaces; the other is a hot melt coating, 
Dip-Pak No. 532, for metal parts such as 
tools, gears and machined components. 
Both coatings offer temporary protection 
during processing, storage and shipping. 

Fidelity SP-14 is a cream-colored liquid, 
with good stability, which will not affect 
color or any type of finish to which it is 
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applied. When dry, the film is claimed to 
be non-inflammable, elastic, abrasion re- 
sistant, and to adhere strongly to the sur- 
face to which it is applied. Yet the film 
can be removed by a steady pull when 
desired. 

Best results with SP-14 are obtained if 
the parts, after spraying, are passed through 
a drying oven at 140 to 150 F for about 
15 min. Oven drying is not necessary if 
the film is allowed to air-dry for about 1 
hr. and to remain on the part at least 48 
hr. before peeling. 

Fidelity Dip-Pak No. 532 is furnished 
in briquette form and when melted and 
applied, provides a transparent, abrasion- 
resistant, moisture-resistant coating. This 
coating sets up almost immediately as it 
contacts air, and can be removed by slitting 
and peeling off. Since the material consists 
entirely of solids, it can be used repeatedly 
by remelting. This coating is claimed to 
resist corrosion under all climatic and 
weathering conditions. 


Water-Resistant Coating 


The Dampney Co. of America, Hyde 
Park, Boston 36, Mass., has announced a 
new vinyl resin formulation for pretreat- 
ment of metal scheduled for underwater 
service. This material, designated Dampney 
Metal Primer, serves to inhibit corrosion 
temporarily prior to finish coating and to 
provide good bonding for the surfacing 
material. 

The primer is readily applied by either 
brush or spray to any type of clean metal. 
Only one coat is required and a gallon is 
said to protect 800 to 1000 sq. ft. of sur- 
face. The film dries rapidly so that no more 
than 4 hr. need elapse before finish coat- 
ing. Apexior No. 3 is the finish coating 
recommended in connection with this 
primer for metals to be protected during 
water-submerged service. 


Rolled Gold Plate 


Rolled Gold Plate, with a gold layer 
more than ten times as thick as average 
gold electroplate and with a mirror-like 
finish, is now being produced by the Rolled 
Plate Div. of American Silver Co., Inc., 
36-07 Prince St., Flushing, N. Y., at an 
estimated cost of 3c per sq. in. 


. wide. This product is the result of 


The Rolled Gold Plate, protected by 
thin plastic coating called Filmkote . 
available on a variety of metals includin, 
brass, copper, nickel, nickel silver, |... 
lium copper, etc.) in thicknesses dow, , 


0.005 in. and in strip from 14 to 4\s i 


Am f. 
ican Silver Co.'s development of the Ine, 


Weld Process last year (MATERIAIs t 
METHODS, Oct. 1949, p. 102). The proce, 
makes possible production of rolled 
plate which competes in cost with ele, 
plate, but is claimed to out-wear gold ¢. 
troplate. 


Multi-Purpose Lacquer 5 


A new lacquer which is said to provij | 
an effective finish for all types of wood ap) 
metal products has been developed }y | 
United Lacquer Manufacturing Corp., \0\) 
W. Elizabeth Ave., Linden, N. J. Name 
Base C 5015, this versatile material can 
applied by spraying or dipping and is ayail 
able in clear or colors, in either a full ol: 
semi-gloss or flat finish. 





Plastic Coatings 


The first two of a series of KEL-F plast 
dispersions for protective coatings are nov 
available from the M. W. Kellogg ( 
Chemical Manufacturing Div., P. O. Box 
469, Jersey City 3, N. J. Both grades ar 
non-aqueous dispersions, with N-I contain- 
ing approximately 20% of dispersed KEL-+f 
(trifluorochloroethylene) plastic and NV 
25 containing about 27% solids. These 
persions permit application of KEL-F : 
materials and equipment not adaptable t 
processing by conventional plastic molding 

The KEL-F N-I dispersion can be used 
to directly coat clean metallic suriaces 
stoneware, glass, etc.; particular care shoul 
be taken to round off sharp edges. The 
other dispersion, KEL-F, NW-25, is 
lieved to be suitable for coating textile 
paper, wood and other heat-destructible m- 
terials. 

General procedure in applying thes 
dispersions is to build up a layer on tt 
surface by spray, brush or dip methods, 
then dry out the solvent and fuse to 4 (00 
tinuous film, Usually, satisfactory films at 
obtained when KEL-F NI is heated | t0 > 
min. at 625 to 680 F and KEL-F NW-2) 
for 10 to 30 min. at 435 to 465 F. Th 
properties of KEL-F films produced by (0a 
ing from KEL-F NI followed by fusion hav‘ 
been found comparable to those of Pt 
viously reported KEL-F protective coatinp 
applied by pressing, extrusion or compris 
sion molding. 

These dispersions are being offered 1 
industrial study at this time so that 
can be evaluated under actual commerce 
conditions. 


MATERIALS & METHODS 
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plast Make each ton of steel go farther. Get 
ee four products in place of three from the 
, " } same amount of steel. Let the high physi- 
les are cal properties of N-A-X HIGH-TENSILE 
om take the place of mass in your product 
NV design to boost production per ton as 


se 


Fy much as 33%. This new efficiency in the 
use of steel is part of industry’s constant 
search for better materials. 


boul With N-A-X HIGH-TENSILE steel you are 
assured of high resistance to distortion, 
stiles, Aa impact fatigue and corrosion. Yet you 
le ma- are also assured of excellent cold forma- 
bility and weldability. 


thods Thus you can redesign many steel prod- 
b C00 ucts with sections 25% thinner—to save 
2» 3 weight, save steel. And further savings in 
fabricating and finishing pay the way to 
use of this better, more efficient material. 


p Let us talk over with you the application 


bs . 
: a4 ‘7.0.4 
of N-A-X HIGH-TENSILE to your product. 


. . ; -TENSILE STEEL 
Ve believe we can show you how to in- HIGH-TE 


crease production per ton as much as 33%. 


GREAT LAKES STEEL CORPORATION 


N-A-X ALLOY DIVISION « ECORSE, DETROIT 29, MICHIGAN ¢ UNIT OF NATIONAL STEEL CORPORATION 
MAY , 1950 107 
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Centrifugal Pump Impellers 
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~ Industrial Regulator 
ew and Valve Parts 


“That Challenge Comparisou 


STAINLESS - NICKEL - INCONEL - SPECIAL ALLOYS 


® STAINLESS FOUNDRY is owned and operated by 
| engineers who thoroughly understand the casting de- 
| mands of the food processing and chemical engineering 
| industry. “Stainless 20” made under license from the 
Duriron Company. Technical data and customer refer- 


ences sent upon request. 


® Your casting orders and inquiries should include the 


following information: 


i * Type of metal wanted, or cast- 
ing application. 


Zu Quantity per order, and esti- 
mated total requirements. 


= Pattern equipment available, if 
any. 








97% Nickel Castings 


4. Include blueprint of part, if 
possible, and indicate surfaces 
to be machined and polished. 


Your orders and inquiries will 


Sf, receive our prompt attention. 
Stainless rourmay & ENGINEERING Co. 


gists . 35TH S dice : | _ MILWAUKEE 9, WIS. 
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Corrosion Resistant Coatings 


A new series of plastic- base Coating, 
known as the V-200 series, has been & 
veloped by Specialty Coatings Laboratory 
1721 N. Water St., Milwaukee 2, We 
for corrosion resistance applications, 

The coatings are recommended for yy 
over metal, wood or concrete wherever ; 
simplified coating system is required » 
withstand the corrosive vapors present jy 
chemical or processing plants. They can 
applied by spray, brush or dip, and can 
quickly air-dried or baked to produce fie. 
ible, abrasion resistant coatings having 
good adherence even to polished metal, 

These coatings are claimed to have log 
life when subjected to salt atmospheres 
alcohols, soaps, fruit juices, acids, alkali 
petroleum products, or related corrosives 





Protective Coating 


A corrosion- and oxidation-resistant cos 
ing for metals and other surfaces has bean 
announced by End-O-Rust, Inc., 1900 ky 
clid Ave., Cleveland, Ohio. 

Called End-O-Rust, the coating will ai 
dry in 2 to 3 hr., force dry within 30 mi, 
and can be infra-red baked in 3 to 5 min 
No special surface protection is required. 

The new coating is claimed to have gow 
resistance to salt-spray, caustic soda, a 
monia, and sulfuric, nitric, acetic and by- 
drochloric acids. The hard gloss finish « 
recommended especially for exposure 0 
dampness, high humidity and salt air. 


Cleaning & Finishing 





Plating Cylinder 


A Mercil Type Merlon ribless cylin 
measuring 14 by 30 in., has been develope? 


by Hanson-Van Winkle-Munning Mat: 
awan, N. J., for use with all common 
employed plating solutions. This cylin¢ 
is claimed to hold 15% more work tha 
the same overall size of any convention 


plating cylinders. 

The cylinder is of hexagonal shape, 
body being made up of five covers. No ribs 
tie rods or tie rod tubing are used. The 
cylinder employs flexible dangler, hair P!" 


rhe 
is 
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“BUILT-IN” WITH MEEHANITE. CASTINGS 


The parts illustrated are typical of the major contri- 
butions to fundamental quality built into machine 
tools such as the shears manufactured by The Cin- 
cinnati Shaper Company, Cincinnati, Ohio. This is 
but one example of many types of machinery, heavy- 


duty production equipment, precision tools and prod- 
ucts of all types designed and manufactured to high 
quality standards with Meehanite castings. To meet 
your specifications for maximum properties and real 
dependability, contact your Meehanite foundry. 


Take Your Casting Problems To A MEEHANITE Foundry! 


American Brake Shoe Co.__ Mahwah, New Jersey General Foundry & Manutacturing Co. 


The American Laundry Machinery Co.._.._.___ Rochester, New York Greenlee Foundry Co. 
Atlas Foundry Go. 


Banner Iron Works i St. Lowis, Missouri Johnstone Foundgies, Inc. 


Barnett Foundry & Machine Co._._______trvington, New Jersey © Kanawha Manufacturing Co. 
EW. Blissco Hastings. Mich. and Toledo, 0.  Koehring Co. a 
Builders Iron Foundry Inc,______Previdence, Rhode Island —Lineoin Foundry Corp._ 
Continenta! Gin Co. iach _Birmingham, Alabama E. Long Ltd. 
The Cooper. Bessemer Corp. Mt. Vernon, Ohio and Grove City, Pa. Otis Elevator Co.. Lté.__ 
Farrel-Birmingham Go., ine._________._Amsonia, Connecticut The Henry Perkins Co. 
on Pipe Foundry & Machine Co. Florence, New Jersey Pohiman Foundry Go., Inc. 
on Foundry & Machine Co., ime___ Cleveland, Ohio The Prescott Co. 


EEE The Hamilton Foundry & Machine Co._._ _____Hamilton, Ohio Shenango-Penn Mold Co. 


Ss Se __ Flint, Michigan Rosedale Foundry & Machine Co... ____ Pittsburgh, Pennsylvania 

__ Chicago, tlinois Ross-Meehan Foundries _____ Chattanooga. Tennessee 
—————— 
Grove City, Pennsylvania Sonith Industries, Inc. ee OGONapelis, tad. 
Charleston, West Virginia Standard Foundry Co... >>> Worcester, Massachusetts 


_—_—Milwaukee, Wisconsin The Stearns-Roger Manufacturing Co..._._ __Denver, Colorado 


Los Angeles, California Traylor Engineering & Mig. Co. _____. Allentown, Pennsylvania 
Orillia, Ontario Valley tron Works, inc. St. Paul, Minnesota 
___ Hamilton, Ontario CS Oakland, California 
Bridgewater, Massachusetts Warren Foundry & Pipe Corporation__ Phillipsburg. New Jersey 
___ Buffalo, New York 
Menominee, Michigan “This advertisement sponsored by foundries listed above.’ 


PERSHING SQUARE BUILDING * NEW ROCHELLE, N.Y. 


MAY, 1950 
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NEWSCAST 


SOME LIKE IT HOT... 


DIFFUSERS FOR INDUSTRIAL BURNERS CAST 
IN HEAT RESISTANT STAINLESS STEEL 


For the past thirty years the 
specialists at Peabody Engineer- 
ing Corporation, New York City, 
have been creating combustion 
equipment for the nation’s lead- 
ing industrial plants. The un- 
paralleled ‘‘know-how"’ which 
has grown out of analyzing and 
solving thousands of industrial 
fuel burning problems has re- 
sulted in a complete line of 

oil, gas, and various combination burners which are simple 
in design, sturdy in construction and reliable in operation. 





Peabody burners are used where firing rates range 
from 100 boiler horsepower (30 gallons of oil per hour) up 
to the world's largest installations. Basic to economical 
industrial performance is the design of the atomizer, which 
is engineered to deliver the oil in a very fine spray, in both 
the shape and quantity required, at the correct location in 
the burner throat. Various types of atomizer tips are 
available to produce any desired flame characteristic. 


The key to shaping the flame and distributing combustion 
air is in the design and operation of the diffusers, which are 
supplied in a variety of designs to meet the individual re- 
quirements of the service. To assure long trouble-free life at 
elevated temperatures, these diffusers are cast in Cooper Alloy 
# 22, a chromium-nickel heat resisting stainless steel. Close 
process control at every step in the production of these 
stainless steel diffusers assures finished castings with speci- 
fied chemical and physical properties. Cooper #22 has 
also been widely used in sulphite pulp mills for digester 
fittings, pumps and valves, as well as for a variety of parts 
requiring a combination of heat and corrosion resistance. 





AVAILABLE UPON REQUEST-Engineering Data Chart 


giving high temperature characteristics of Heat 
Resistant Alloys. 











The COOPER ALLOY Foundry Co......leading producer 
of Stainless Steel VALVES - FITTINGS - CASTINGS 





























New Materials 
and Equipment 





dangler or disk-type contacts. The simpji. 
fied construction is claimed to reduce maip. 
tenance costs. 

Also, where flexible dangler contact ; 
used, there is no chance of build-up ¢ 
deposit on parts of the cylinder, as th 
only place in the cylinder where current js 
available is at the end of the contact. 


i a a \ 


Grinding Wheel 


A reinforced hub wheel, designed for ux 
on right angle portable grinders and dis 
sanders primarily in weld grinding a 
foundry operations, is being produced }y 
Norton Co., 1 New Bond St., Worcester 
Mass. 

High strength, safety and durability, 
addition to a fast cutting rate, are claim 
for the new abrasive wheel. 


Portable Paint Sprayer 


A portable paint sprayer, which i 
claimed to deliver low-pressure, high- 
volume spray without mist or paint fog, is 
being manufactured by the Genwind Corp 
of America, 701 Seneca St., Buffalo | 
N. Y. 

The 10\4-lb. Genwind sprayer can be 
used for spraying paint, lacquer, adhesives 


The portable Genwind sprayer can b used 
for coating or cleaning metals 


and cleaning solutions. It gives imn ediate 
pressure up to 40 psi. without pump % 
compression tank, by means of a seri¢s of 
fans. Trigger control on the gun eliminates 
nozzle adjustment during operation. 





MATERIALS & METHODS 





Engineering knowledge, tooling, and production 
know-how, coupled with the most modern 
equipment available, are what it takes to pro- 
duce quality parts made from metal powders— 
and Moraine has all these in full measure. 
Naturally, we seek your order, provided we 
are convinced that the metal powder process 
will work to your advantage—in lowered costs 
and better performance. 


Ask Moraine whether parts you are using can 
advantageously be produced by powder metal- 
lurgy. We'll gladly accept your order— 


13 the shape of the part permits good die 
fill and correct density... 


\3 its required physical properties and 
tolerances can be obtained by our 
normal production methods . . . and 


s\3 it is to be made in quantities sufficient 
to justify tooling costs, set-up, and 
equipment loading. 


Those are the three big IF’s . . . and here’s 
another just as important: IF we accept your 
order, you can be sure, in advance of delivery, 
that Moraine parts will justify your interest 
and may reduce your manufacturing costs. 


MORAINE PRODUCTS 


DIVISION OF GENERAL MOTORS 
_ DAYTON, OHIO 
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“Good Service on special sizes” 
... that’s only one of the things 


we mean by Service Plus! 


@ In a recent survey, one customer gave “Good service on special sizes” as 
his reason for ordering his steel from United States Steel Supply Company. 
And his words summed up the statements of many of our customers. When- 
ever your problems involve steel in special sizes, forms or specifications, call 
United States Steel Supply Company. We'll do our best to live up to our 
customers’ high opinion of our service. 

Service Plus includes many things besides “Good service on special sizes,” 
however. It features prompt delivery, large capacity and an unrivaled repu- 
tation for service. Service Plus specializes in courteous attention to your every 
requirement— it’s our way of saying “we’ll do all that is humanly possible to 
supply you with the steel you want ... where you want it... when you 
want it.” 








BARS - PLATES - FLOOR PLATE - STRUCTURALS - SHEETS - STRIP - 


STAINLESS - ALLOY STEELS - ALUMINUM 
TOOLS - EQUIPMENT - MACHINERY 


UNITED STATES STEEL 
SUPPLY COMPANY 


Warehouses and Sales Offices: 

BALTIMORE - BOSTON + CHICAGO ~- CLEVELAND LOS ANGELES 

MILWAUKEE - MOLINE, ILL. - NEWARK + PITTSBURGH - PORTLAND, ORE. 

SAN FRANCISCO + SEATTLE - ST.LOUIS + TWIN CITY (ST. PAUL) 

Sales Offices: KANSAS CITY, MO. + PHILADELPHIA + ROCKFORD, ILL. 
TOLEDO + TULSA - YOUNGSTOWN 

Headquarters Offices: 208 S. La Salle St.— Chicago 4, lil. 


REINFORCING BARS 











WHEN YOU DEAL 
with US, YOU al 


Service 
Plus! 
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New Materials 
and Equipment 





Silica-Free Abrasive 


A non-metallic, silica-free abrasive 
being marketed by American Wheelgly 
& Equipment Corp., Mishawaka, Ind, 
replace silica sand for blast Cleaning 
finishing operations. 

The new abrasive, called Black Be 
is sharp and fast cutting, retaining j 
abrading qualities even when reduced 
fine material. It is claimed to wear 2 y 
times longer than sand; to be less dams 
to equipment; to be noncortosive; 
flow freely. Absence of silica removes 
important occupational hazard. 

The Black Beauty abrasive is supplied; 
a variety of sizes graded for any type; 
work or finish desired. 





















Paint Spraying Masks 


Electroformed copper masks for use} 
precision spraying of paints and lacqua 
on metals, plastics and rubber are bei 
manufactured by Vetrod Corp., 17 Willias 
Ave., Brooklyn 7, N. Y. 

The copper shell fits over the object 
be processed and designated areas are a 
out of the shell to allow paint to ps 
through. Repeated spraying in these ard 
can be done without fogging or other & 
fects. Multicolor work can be done in pw 
gressive steps by inexperienced help 


Tumbling Barrel Lining 


A new plastic material which cao ® 
used in making tumbling barrels or “! 
lining for tumbling barrels of other 
struction has been announced by Lapomi 
Industries, Inc., 4510 Bullard Ave., 
York 66. 

For this application, the new plastic (ot 
position is claimed to be structvrally s 
strong as steel and to have 40 times 
abrasion resistance of wood. Called Tum 
L-Dur, this material is suitable for «i 
the wet or dry process of tumbling I 
offers particular advantage in wet tumbling 
as it does not warp and there is no nt 
therefore, to keep the barrel 
when not in use. 

Although the initial cost 0! 
Dur is greater than its wooden « ' 
considerable savings are claimed as 4 fe 
of uninterrupted production and elimi 
tion of replacement costs. The plastic " 
being used for fabricating barrels a 
liners, and a completely molded baste! * 
expected to be available soon. 
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—the Red Elastic Collar locks each 
positioned setting against VIBRATION! SHOCK! 


For more than eight years the Baldwin 
Locomotive Works have used Elastic Stop 
Nuts on all main bearing caps of their line 
of Diesel Locomotives. This critical appli- 
cation again proves Elastic Stop Nuts to be 
“design insurance” for trouble-free bolted 
connections. Baldwin engineers also found 
that the single-unit Elastic Stop Nut, used 
in place of double nuts or castellated nuts 
and installed with power tools, speeded up 
production! 

Railroad Operators have learned that 
this one-piece positive stop nut cuts shop 
inspection time... because it is easily re- 
moved with a wrench...and quickly re- 
applied without the complications of ad- 
Justing double nuts or positioning 
cotter keys, 

Vibration and strain set up by 
high speed passenger service... 
stress reversals brought about by 
sudden air brake applications... 


LASTIC STOP NUTS 





the jarring thuds of freight car loading... 
will not shake Elastic Stop Nuts loose. Once 
positioned they keep their precise settings 
permanently. 

Further, Elastic Stop Nuts not only pro- 
tect against vibration, impact and stress 
reversal, but the Red Elastic Collar keeps 
inside bolt and nut threads rustfree... 
permits easy removal for replacement and 
repair. Use Elastic Stop Nuts on your 
equipment to eliminate fasteners as a 
source of field service complaints... re- 
duce customers’ maintenance costs! 

HERE’S A CHALLENGE: Send us complete 
detaiis of your toughest bolted trouble spot. 

fell supply test nuts—FREE, in experi- 
mental quantities. Or, if you want 
further information, write for lit- 
erature. Elastic Stop Nut Corpora- 
tion of America, Union, N. J. Rep- 
resentatives and Agents are lo- 
cated in many principal cities. 


THE FAMOUS RED ELASTIC COLLAR 
IS VISIBLE EVIDENCE OF 
LOCKING SECURITY 


Threadless and permanently elastic, 

it provides these 4 outstanding fea- 

tures: 

1. Protects against nuts loosening due 
to VIBRATION 

2. Keeps locking threads CORRO- 
SION FREE 

3. Provides for accurate BOLT 
LOADING 

4. Seals against LIQUID LEAKAGE 
along the bolt threads 











ELASTIC STOP NUTS 


int HIGH 7 ANCHOR 
7] TENSILE <Ale> 


OVER 450 TYPES AND 


, § , 
HOD: MAY, i950 





HIGH SPLINE 
TEMPERATURE 


SIZES IMMEDIATELY 


GANG 
CHANNEL 


CLINCH 








NYLON 
CAP 


AVAILABLE FROM STOCK 
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MICROCASTING 
Eliminates 15 machine Operations 








Microcast Parts are Smooth, 


Uniform, Sound as Cast 


Quantity Production of Intricate Parts 


AT 1/3 THE COST 





from High-Melting-Point Alloys 


Y using the MICROCAST 
B PROCESS or precision 

casting, this knitting ma- 
chine cutting knife was produced 
at % the cost ot the previous 
method ...and with 15 machine 
operations eliminated. Further, 
Microcasting made possible the 
use ot extremely hard Stellite “)” 
Metal instead ot the relatively soft 
and short-lived tree machining 
alloy tormerly used. 


Such savings as these can be 
yours, too, with Microcast... 
through the elimination of torg- 





FREE BOOKLET 
Send for 16-page 


Microcast Booklet. a 

Contains many “a 

“case histories” “Se 
- 


and full explana- 
tion of Microcast 
Process. 








‘ 

K nay > 
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ing dies, special toolings, drilling, 
and similar operations. Micro- 
castings, as Cast, are dimensionally 
uniform, structurally sound, and 
produced to such close tolerances 
that a minimum of machining is 
required. Thus, they permit the 
use of such extremely hard, non- 
machineable and non-forgeable 
alloys as stainless steel, tool steels, 
Stellite, and others. Write today 
tor complete information. 


MICROCAST DIVISION 
AUSTENAL LABORATORIES, INC. 


224 E. 39th St., New York 16, N. Y. 
715 E. 69th Piace, Chicago 37, ill. 














MICROCAST T. @,. REG. U.S. PAT. OFF 
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New Materials 
and Equipment 


Paint Spray Gun 


A paint spray gun, offering close coy 
of the width of the “spray patterg’ | 
been introduced by Eclipse Air Brus), ¢ 












The “GAT-2” paint spray gun is bei 
manufactured by Eclipse Air Brush ( 


390 Park Ave., Newark 7, N. J. 

Named the “GAT-2,” the gun ha 
special nozzle said to be effective in red 
ing fumes, minimizing air consumpt 
and saving paint. 


it 


We 
qu 


Activated Carbon 


A new activated carbon, Pur-O-Can, 
pecially suitable for purifying bright nid 
plating solutions, is being offered by H: 
son-Van Winkle-Munning Co., Matawi 
N. J. High quality and uniformity 
claimed for this material, which can 4 
be used to purify all other acid and alkali 
plating solutions. 





Welding & Joining 


Electrode for Cast tron 


An arc-welding electrode, designated 
2075, has been developed by the Appar 
Dept. of General Electric Co., Schenect® 
N. Y., for producing fully machina 
welds on cast iron. It is designed to ope 
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MATERIALS & METHODHMy,. 















“We tenderized 
Sales-resistance 


when we discarded 
habit-itis”.. 


‘ Wm. F. Spang 


General Manager 
Cube Steak Machine Co. 
Needham Heights, Mass. 
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“Now, our Cube Steak machines have a double-barreled 
sales advantage... because we eliminated habit-thinking 
in our research and production. Once we rejected the 
usual,” continues Mr. Spang, “we eliminated headaches 
arising from chipped finishes; hard-to-get-at, hard-to- 
clean parts...with new housings made of Monsanto 
Lustrex styrene.” 

When the Cube Steak Machine Co. tossed out habit-itis, 
and replaced previous housings with ones of Monsanto 
Lustrex, they discovered how this durable, lightweight 
plastic could help them produce better, more sanitary 
machines...and win customer praise. For instance, they 
found the colorful finish of Lustrex goes all the way 
through —unlike painted surfaces, it can’t peel, chip or 





Housings of Cube Steak wear off 
machines molded of Lustrex + : , 
by Prolon. Division, Housings of Lustrex are molded in one piece... are 
Cath f s Pro-phy-lactic Brush Co.,Inc., easily removed, by a flick-of-the-wrist, to get at operat- 
” sa : yr —— ing parts instantly. Lustrex is smooth, and will not stain; 
& ue Sees ee and it is free from taste or odor. Best of all, this modern 
by Hi , ow , Machine Company ses te , . 
Saal oC plastic is up to nine times lighter than some metals... 
_ u L provides more housings per pound, new savings in 
= . - aad materials cost. Fast, one-shot production further lowers 
C i 


costs. And expensive assembling, machining, painting 
operations are eliminated or materially reduced. 
Profit-wise manufacturers in many industries are ban- 
ishing habit-itis in their plants...and are discovering new 
ways to improve old products, or to make new ones, 
Pees §=6while reducing manufacturing costs...with Lustrex, and 
Mons A N I 0 other Monsanto plastics. How about your products? 
Your costs? It will pay you to send today for Monsanto’s 


TTA I Rceas MAN licee «booklet, “What Monsanto Plastics Can Do For You.” 
The coupon is for your convenience. Lustrex: Reg. U. 8. Pat. Off. 


alkali 


eeeeeeeeeeeseeeeeeeeeeeeee ee @ 
MONSANTO CHEMICAL COMPANY, 


Plastics Division, Dept. MMP29, Springfield 2, Mass. 
Please send me, ““What Monsanto Plastics Can Do For You.” 


Name & Title 





para Company 
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City, Zone, State 
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WELDMENT 


UNITCASTING 














UNITCASTINGS 


WELDMENT 
WELDMENT 


UNITCASTING 








WELDMENT 











UNITCASTING 








UNITCASTING 











Now THE COMPLETE ASSEMBLY 


wala [| JNITCASTINGS! 


Several months ago this hitch manufacturer switched 
one part of his assembly to Unitcastings after weld- 
ments proved unsatisfactory. Now he’s changed 
over the entire unit. Unitcastings gave him lower 
end costs, pleasing eye appeal, greater strength 
with less weight, increased safety and no misfits. 
Sales have gone up several hundred percent—prov- 
ing that Unitcastings not only give top performance 
but add to the saleability of your product. Build 
better and save with Unitcastings. 


UNITCAST 


QUALITY STEEL CASTINGS 


Give us a chance to offer a “cast 
steel”’ answer for your parts problem. Our sug- 
gestions while your product is in the design stage 
will pay continuous dividends. Write or call to- 
day. Unitcast Corporation, Steel Casting Division, 
Toledo 9, Ohio. Jn Canada: Canadian-Unitcast 
Steel, Led., Sherbrooke, Quebec. 


UNITCASTINGS ARE FOUNDRY ENGINEERED 
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New Materials 
and Equipment 


at low currents, minimizing brittle hex. 
affected zones in base materials. 

The electrode is composed of pure 
nickel-core wire and an extruded black 
coating that is consumed in the arc, giving 
a low volume of slag. Good flexibility js 
claimed as a result of wetting action and 
ability to be used in all positions on either 
a.c. or d.c. current. The stable arc gives 
color-matching depdsits, which offer good 
resistance to cracking. 

Available sizes of the W-2075 electrode 
range from 3/32-in. dia., requiring 50 to 
70 amp., to 3/16-in. dia., requiring 120 
to 160 amp. All diameters are supplied jp 
14-in. lengths. 


Silver Brazing Rings 


Lucas-Milhaupt Engineering Co., 505) 
South Lake Drive, Cudahy, Wis., has an- 
nounced a new line of patented, stress- 
relieved “No Tangle” notched coil rings 
for silver brazing and soldering. Thes 
special rings are claimed to improve braz- 
ing and soldering by reducing material 
cost and assembly time, and by virtuall) 
eliminating rejects due to poor joints. 

The stress relieving treatment prevents 
rings from distorting or creeping when 


The silver brazing rings break from thé 
coil at the notches, thus simplifying 94" 


dling. 


heat is applied, thus making them pé 
ticularly suitable for outside diameteh 
where brazing alloy is not held in positio® 
by the contour of parts to be braz The 
rings can also be partially stress-relievee ™ 
expand when detached from the | tched 
coil, enabling the operator to compres 
them in grooves in inside diameters. _ 
The new line also includes rings which 


MATERIALS & METHODS 








One of Several Parts of a Cata- 
lytic Cracking Plant Produced for 
the Petroleum Industry. 


; 


Pressure Vessels for the Chemical 
ond Allied Industries. 


Heavy Press and Machine Frames 
and Bases for the Machine Tool 
Industry. 


Boring Crank Shaft Bearings Thousands of Steel-Weld Fabricated parts and 
of a large Steel-Weld Fabri- 


ested. Marine Steam Engine major assemblies are produced each year by the 
Machine Shas of the Steet. Mahon organization for manufacturers of heavy 

Mshon Cancann ** & © = machinery and equipment throughout the country 

...some of these assemblies run into hundreds 

of tons and involve many problems which demand 

skillful designing and advanced technique in 

Diesel Engine Crank Cases and fabricating procedure. Steel-Weld Fabrication will 
ee Tae. Se, earing OAR Jae save you money too...and, you will find in the 
Mahon Company an unusual source for welded 

steel in any form for any purpose...a source 

with complete, modern fabricating and machining 

facilities, backed by a staff of competent design 

engineers and craftsmen from whom you may ex- 

pect a smoother, finer appearing job, embodying 


every advantage of Steel-Weld Fabrication. 


THE R. €C. MAHON COMPANY 
Detroit 11, Michigan 


Engineers and Fabricators of Steel in Any Form for Any Purpose 





ik Cases, Frames, and other 
; for Manufacturers of Marine 
im Engines of Uniflow or 
iple Expansion Type. 
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The Universally Recognized Leader in 


WARONESS TESTING 


Instruments, Equipment and Accessories 





There is only one measure of value in hard- 
ness testing equipment: Dependable Accuracy. 
WILSON’s 27 years of research, production 
and standardizing of such equipment assures 
quality approaching perfection. Wilson Field 
i Service Engineers (1) study users’ require- 
| ments, (2) recommend most suitable equip- 
ment, (3) supervise installation and (4) make 

sure of continued faithful service. 








Choose WILSON equipment to suit your 
needs, with pre-assurance of its depend- 
able accuracy. HARDNESS TESTER 
ret Ne ke Made Only by Wilson 
~ “ROCKWELL” HARDNESS TESTER— 




















developed and made only by Wilson. For laboratory, toolroom 
or production line testing. Vertical capacities from 34” to 16” 
Motorized models available. 


“ROCKWELL” Superficial 


HARDNESS TESTER—especially suited for 
testing thin material, nitrided or lightly 
carburized steel and areas too small for 
reguiar “ROCKWELL” Hardness Tests. 
Depth of indentation .005” or less. Satis- 
factory for general testing where surfaces are 
smooth and materials homogeneous. 





TWUKON—for micro-indentation hardness testing 
with either Knoop or 136° Diamond Pyramid In- 
denter. Made in 3 models to cover the full re 
range of Micro and Macro Hardness test- | o <a @ 
ing with loads from 1 to 50,000 grams. MICROHARDNESS TESTING J 

















ACCESSORIES. “BRALE’” is the only diamond 
indenter made to Wilson’s precision standards. e TEST BLOCKS 
—enable you to keep your instrument ‘“‘Laboratory’”’ accurate. 
e EQUITRON—fixture provides means for accurately positioning 
test samples. e ADAPTER—permits testing inner cylindrical sur- 
faces with unimpaired accuracy. e WORK SUPPORTS—facilitate 
testing of variously shaped rod stock, tubing or irregular shapes. 


FOR DETAILED INFORMATION 
—fill in the coupon below and mail to us. 


WILSON MECHANICAL INSTRUMENT CO., INC. "Er? 


AN ASSOCIATE COMPANY OF AMERICAN CHAIN & CABLE COMPANY, INC. 
230-E PARK AVENUE, NEW YORK 17,N. Y. 





Please send me further information on the subject checked: 


“ROCKWELL” Hardness Tester [_] 
“ROCKWELL” Superficial Hardness Tester [] TUKON [] Accessories [] 


NAME 





TITLE 





COMPANY NAME 





ADDRESS 











Lee 





















































New Materials 
and Equipment 


automatically lap themselves when d 
and snap over outside diameters. All rings 
are claimed to maintain a tolerance gf 
+ 0.001 in. in actual ring diameter or J, 
veloped wire length under all conditions 

The notched coil feature is said to redug 
assembly time by about 10% because th 
operator does not have to untangle th 
rings. Novel stacking is claimed to elimi. 
nate the average 10% breakage allowed fy 
conventional preforms. 

Preforms are wound from Easy-Flo, §j. 
Fos and Phos-Copper. The rings are made 
according to job specifications and rang 
in wire thicknesses from 0.015 to 0,004 
in., with inner diameters of 3/32 to 6 in 
or greater. 


Vibration-Proof Fastener 


A vibration-proof fastener employing 1 
shock-absorbing spring as a thread has been 
introduced by South Chester Corp., 1403 
Finance Bldg., South Penn Sq., Philadel. 


This 
radi 

T 
spee 


exp 


The Southco Spring Grip Fastener does no 
loosen under vibration. 


was 
\ 
gray 


tion 


phia 2. Called the Southco Spring-Gmp 
Fastener, it is claimed to remain tight unct 
the most severe vibration or panel move 
ment. 


Medium-Temperature Solder 


A new solder, EutecRod 155, which has 
a bonding temperature of 700 F, has been 
developed by Eutectic Welding Alloys 
Corp., 40 Worth St., New York 13, 1 


joining ferrous and nonferrous metais 





The material is intended to fill the nee 
for a solder for joining at temperatum® 
between those of silver solders and S" 


solders. Silver solders join above 950 ! 


but this temperature produces annea!ing ' 
most metals. The soft solders used belo 
400 F do not have sufficient stren th a 
many purposes. The new alloy is «aimee 


MATERIALS & METHODS 
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KODAK INDUSTRIAL : 


x00 acetone | oe 0 ee. 


So ethe ee 0 ake 


X-RAY FILM, TYPE K ” 


This 20-inch valve body with its 2-inch-thick walls was A TYPE OF FILM FOR EVERY PROBLEM 


radiographed with Kodak Industrial X-ray Film, Type Kk. 


Kodak Ate 

















To provide the recording medium best suited to any 
combination of radiographic factors, Kodak pro- 


The radiographer chose this type because it has high a . 
duces four types of industrial x-ray film. 





speed to do heavy jobs like this with the shortest possible 
. . 2 ‘ . * * *x 
exposure time. In this case, exposure of only 30 minutes 


Type K has medium contrast with high speed. For gamma 


was sufficient. ; 
rays and for x-ray work where highest possible speed is néed- 


G With all its high speed, this film provides good radio- edat available kilovoltage without calcium tungstate screens. 
n graphic quality to make sure that no significant imperfec- Type F provides the highest available speed and contrast 


when exposed to x-rays with calcium tungstate intensify- 
ing screens. Has wide latitude with either x-rays or gamma 
rays, exposed directly or with lead foil screens. 
RADIOGRAPHY Type M provides maximum radiographic sensitivity, high 
IN MODERN INDUSTRY contrast, and exceptional detail under direct exposure or 


with lead foil screens. It has extra fine grain, and the 


tions in the casting will be missed. 





e . 





A wealth of invaluable data on radio- speed is adequate for examination of light alloys at average 
; 7 a a ae ee ea kilovoltage and for much million-volt radiography. 
RADIGGRAPRY graphic princ iples, practices, and B . , gray , 
+ HODERS WnpeSTRY technics. Profuselv illustrated with Type A offers high contrast with about three times the 


speed of Type M but with slightly more graininess. Used 


yhotographs, colorful drawings, dia- + . : 
Bray direct or with lead foil screens for study of light alloys at 


rrams, and charts. Get your copy fron 
ear ; . P. low voltages, and of heavy steel parts wit h 1000-ky X-rays 
your local x-ray dealer—price $3. or gamma rays. 


EASTMAN KODAK COMPANY 
X-ray Division - Rochester 4, N. Y. 


*“*Kodak’’ is a trade-mark. 








Radiography 


00‘ -..another important function of photography 








uts Stain less Costs! 


The true cost of Stainless Steel plate 








is the cost of material plus the 
cost of preparing it for fabrication. 


G. O. Carlson, Inc., regularly supplies Stainless Steel plate cut to specified 
sizes with minimum allowance for you to trim, or cut to your sketch within 
the tolerances agreed upon. Sketch plates and special patterns can usually 


be supplied at lower cost than if the cutting were done in your own shop. 


Why? Because G. O. Carlson, Inc., 


cutting equipment, designed for Stainless Steel, and operated by trained men 


has a most complete range of specialized 


with long experience in Stainless. 


Size isn't important to us. You may order the largest plates or smallest 


pieces—rectangles, circles, or intricate patterns—with full assurance that 


you will receive quality plates which can be fabricated at the lowest cost. 


Carlson Service is different—we believe it will pay you to investigate. 


“CARLSON, wc. 


Stainless Steels Exclusively 
200 Marshalton Road, Thorndale, Pa. 
PLATES e FORGINGS e BILLETS « BARS e SHEETS (No. 1 Finish) 
District Sales Offices and Warehouse Distributors in Principal Cities 





. 
Se 


120 





New Materials 
and Equipment 


to have tensile strength abou: Midway 
tween that of soft and silver solders 
corrosion resistance than soft solder; 
good wetting properties. 

Rod sizes available are 1/16-. 3/2). 
Yg-in. dia. 


Stud Welding 


Equipment and studs for the iner, 
stud welding of aluminum, stainless ; 
copper and other metals ordinarily dig 
to end weld are now being supplied 
mercially by Shielded Stud Weldin; { 
124 W. Fourth St., Los Angeles 13, ( 
This new process is claimed to be the 
one by which consistently satisfactor 
welds can be made for some of tl 












Acetylene Generator 


A new stationary type generator wi 
produces a continuous flow of acetylene 
been developed for plants and wel 
shops requiring large quantities at 
mum cost and maintenance. The g 
is being manufactured by S#ght Feed 
erator Co., West Alexandria, Ohi 

The “A-Twin” unit can be operated 


any desired pressure up to 13 ps 





Continuous flow of acetylene 


is provided by this “A-Twin’ genet 





available in five sizes, with pt! 
pacities ranging from 500 to 
of gas per hr. 








The generator requires a 
attention during operation. T! 
feed hoppers must be refilled 


carbide. when empty, and t requ 
amount of water must be met¢ 
tank. When the carbide supply '1 0%* 


is exhausted, the second hopper auto” 
cally goes into service. 


MATERIALS & METH? 
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MANGANESE 





Here’s another instance 
where you can’t eat your cake 
and have it too! 


If you demand the ultimate in 
sound, high-strength manganese 
weld deposits with no cracking or 
checking... you can get it with 
BARE STOODY MANGANESE elect- 
rodes. If you are willing to sacri- 
fice high “physicals” produced by 
these bare rods for the sake of 
somewhat easier application... 
coated rods may do the job. 


After a little experience, welders 
will find the NEw Stoopy Man- 
GANESE bare electrodes almost as 
easy to handle as many of the cur- 
rent coated rods. They will notice 
immediately how smoothly it lays 
down and its freedom from any 
tendency to crack. Here is a man- 
ganese that is REALLY DIFFER- 
ENT-and better! 


In as-welded deposits, Bare 
Stoody Manganese produces these 


Plain Facts About 


ELECTRODES 


unusually high physical properties. 
We believe there are none better: 


Ultimate Tensile Strength—85,000 
psi; Yield Point— 61,000 psi; Elon- 
gation in 2”—18%; Reduction 
of Area—18%; Hardness (as de- 
posited)—165-175 Brinell or 85-90 
Rockwell B; Hardness (work hard- 
ened)—375-425 Brinell or 45-50 
Rockwell C. 


While we supply coated man- 
ganese, we earnestly suggest a 
thorough test of Bare Stoody elect- 
trodes ... for greater toughness .. . 
higher impact strength... full 
Hadfield properties... fast burn-off 
...low penetration ... unusually 
good arc characteristics. 


For your next job order bare 
manganese from your Stoody 
dealer. Compare this rod with any- 
thing you've seen before. We're 
glad to leave the future choice in 
your hands. Literature is available. 


STOODY COMPANY 


11959 East Slauson Avenue e Whittier, California 










FULLERGRIPT PROVES ITS WORTH 
ON HARRIS OFFSET PRESSES 


The 42” x 58” two-color Harris Offset Press, made by 
the Harris-Seybold Company of Cleveland, employs a 
series of short brush strips with wedge-shaped trim. These 
are called wrinkle brushes. They are used on the impres- 
sion cylinder for a two-fold purpose: (1) to keep the 
paper lying flat against the cylinder and (2) to remove 
any foreign matter from the paper. 


Harris engineers saw that with Fullergript it is possible 
to position the brush close to the meeting point of the 
two cylinders. The small size of Fullergript makes it 
much easier to assemble in tight places, at the same time 
providing maximum effectiveness in performing its dual 
functions. 


Fullergript brush strips are made in a variety of shapes 
and sizes. Maybe there’s an unusual application in your 
plant where Fuller- 
gript can help you. 
Why not get more 





DO YOU REQUIRE A SPECIAL 
MACHINE FOR A BRUSHING 
OPERATION? You can benefit from 
our wide experience in designing and 
building special brushing machines. 
No obligation to lay your problem 
before our engineers. Write today. 


information by writ- 
ing today to.. 
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DIVISION, 3636 MAIN ST., HARTFORD 2, CONN. 
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Forming & Machining 


Metal Shear 


The Tru-Edge Shear, capable of cuti 
irregular shapes in either mild or stainls 
steel sheets up to 3/16 in. thick, has hes 
announced by Baker Bros., Inc., 1000 p 
St., Toledo 10, Ohio. Also suitable 4 
nonferrous metals, the shear has ap 
tachment for circle cutting and strip cutt 
and can be used to cut to a scribed |j 
or by template. 

The Baker shear has a 48-in. throat » 
variable stroke adjustment; it is powerd 






The Baker Tru-Edge Shear will cut stanle 
sheet up to 3/16 in. thick. 






by a 1'4-hp. totally enclosed ball beatin 
motor, 220 or 440 v., 3 phase, 60 cy 
No starting hole is required for 10s 
cuts. 
A simple exchange of hammer-type “4 
for the cutting tools enables the machi 
to perform diverse bending and form 
operations in steel up to 1 in. thick 






Milling Machine 


A new milling machine, having 
3 range and powered by a 7) 
has been announced by the 
Milling Machine Co., Marburg 
cinnati 9, Ohio. Designated No. 3M!, # 
available in plain and universal styles, " 
new series is an extension of the 2M! 
2MI lines announced about four years ® 

Wide speed and feed ratios—60 to |” 
120 to 1, respectively—and controls makin 
possible rapid and easy changes 10 SP 
and feeds are featured on the 3M! machio 
Sixteen spindle speeds, ranging from 2) ' 


full Ne 
ruli 


MATERIALS & METHOD 
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looking for the unusual 
in stainless strip steel ? 


co ee the THINSTEEL Man 
~ ‘a ~~, > 


Ne 
>" Ys 
~~ : ‘s “e 


The CMP stainless Thinsteel man is a character—an un- 
usual character because he represents something unique in 
stainless strip. He’s a salesman for a mill primarily interested 
in developing new applications for the 300 Series stainless 
grades in unusual sizes, finishes and physical properties. 


This Thinsteel man is always on the lookout for inquiries 
involving fussy finishes, tight tolerances or tricky tensiles. He 
makes a business of doing the commercially impossible. He 
can offer you such uncommon products as 18-8 stainless in 
dead soft temper, with a bright finish on both sides; or strip 
with total gauge variation from edge to edge held to less than 


shasnie 


. 
beari 


) cycle 


ia 25% of standard; — or strip as thin as .001”, just to cite a few 

of the specialty products he likes to sell. If he sometimes 
ype i appears over-enthusiastic, it’s because he’s really sold on his 
~ mill’s ability to come up with the right answer to difficult and 
ery unusual problems and he knows that the organization behind 


him is equally interested in maintaining the CMP reputation for 
the best in light-gauge stainless strip specialties. 





Your request for help in developing specifications to meet 
functional or fabricating problems will bring prompt and 
interested attention from the nearest Thinsteel representative. 


the Gold Metal Products co. 


YOUNGSTOWN !, OHIO 


1254 NEW YORK ¢ CHICAGO «¢ DETROIT ¢ ST. LOUIS © INDIANAPOLIS ¢ LOS ANGELES 
AY, 1950 oa 











LEBANON ALLOY CASTINGS 


Resist Sulphunie Acid Attach 





FOR CHEMICAL AND 


PROCESS INDUSTRY 


APPLICATIONS... 


LEBANON CIRCLE (D 34 
NOMINAL ANALYSIS 


Carbon Max. - 0.07 Mex. 
no =. & s.el« .< =e 
Manganese... ... 075 
Cipeetne « «\<\eu<.s ae 
I 
Molybdenum. . .. . 2.50 
an a ae 
NOMINAL PHYSICAL PROPERTIES 
Tensile Strength . . . 72,000 
Yield Point. . . . . 35,000 
Elongation in 2''—% 45 
Brinell Hardness. . . 150 


Heat treatment: Water quenched. 


*Circle L 34 (FA 20) 
DuPont Specification 1364 


LEBANO 


ALLOY AND STEEL 


Valve Bodies and Fittings cast at Lebanon in 
various special sulphuric acid resistant alloys. 


 eetg the period of development of 
special alloys to resist sulphuric acid 
and sulphuric and nitric acid combinations, 
Lebanon played an important part in 
proving their value as casting material. 
Lebanon Circle L 34 (Stainless Type FA 
20*), analysis of which is given below, is 
an alloy created to meet this demand. 
Circle L 34, in addition to its resistance to 
sulphuric and nitric acid, offers good 
resistance to alkalis and alkali salts. 

Our familiarity with the manufacture 
of castings of special alloy materials means 
that we can readily meet your require- 
ments. Every Lebanon casting is made to 
exacting standards, inspected and thor- 
oughly tested before shipping. A complete 
laboratory, including a million-volt X-Ray 
machine, is one of the facilities upon 
which our customers constantly rely. 

Do you have copies of the Lebanon 
Data Sheets? If not, just let us know and 
we will send them along to you. 


LEBANON STEEL FOUNDRY ® LEBANON, PA, 
“In the Lebanon Valley”’ 


aStings 
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New Materials 
and Equipment 


1500 rpm., are changed with a single ¢, 
type control which operates a hydr, 
selector valve. While the spindle is rota; 
a safety interlock prevents the speed chy 
crank from being moved. A mecha; 
spindle reverse, located just below 


The new Cincinnati 3MI is the large 
this company’s family of milling mach 


speed change crank, offers quick reve Mee 
of spindle rotation with no effect on @iipmles 
direction of feeds. 6 Al 

Feed rates are changed in the same m 
ner as speeds, through a range from \ 
30 in. per min. All operating controls 
the machine are duplicated at the 
working position. 





Tool Hardening 


A secondary hardening process for t 
which have been hardened, tempered 
ground to size has been announced 
Sol-ven-ite Laboratories, 3928 Elstron AN 
Chicago 18, Ill. 

The Sol-ven-ite treatment is usted 
on high-speed steels and is claimed 1 
resulted in greatly increased service 
for high-speed drills, reamers, taps, 4% 
counterbores, milling cutters and 
tools. No distortion or dimensional chaf 
are produced. 





Toolpost and Bench Grinder 


A dual-purpose toolpost and © : 
grinder, called the Utility Grindet, ! 
been announced by the Damore \° 
cine, Wis. s 
Claimed to be accurate to ak 
the %4-hp., 5000-rpm. Utility Grinee 
lathes of 9- to 13-in. swing for &™ 


MATERIALS & METHOM. 









Ever stretch a backbone 
to hold 500 ribs? 


















yneed plenty of spinal column in 
ing this convector radiator section. 
500 ribs, or fins, are attached to its 

ilar backbone—and the attaching, while in- 
ious, is tough on the tube. 

Asembly is made by dropping the fins into a slotted jig, 
rting the tube, and ramming terrific pressure through 
tube to expand it into a jam fit with the fins. In the 
ss the tube O.D. between fins is enlarged by thirty thou- 
iths—actually creating a groove to firmly hold each fin. 
there does the fabricator find tubing to fill this unusual 
ice demand? Right from Frasse. Frasse has supplied the 
miess tube for this requirement since its beginning in 
§, And in 4 years of this grueling application—in tens of 
usands of feet put to this exacting test—there has never 
na single failure. 

i's trouble-free quality you like, you'll like the tubing 
se ships you. And when you work from Frasse stocks, 








on q 


ne f 
m \%4 
trols 
he 1 


ie Oren Bb ; 
a | | 4 See y Seamless Stainless Tubing, 
= alelesy and Welded Seamless 
anil ; Mechanical Tubing and Welded 
a - Aircraft, Condenser, Stainless Pipe, 
ed aia Hydraulic and Valves 
to a Pressure Tubes and Fittings 


id 0 
chang 


‘ant to save with 


FAMLESS TUBING? 


“Mechanical Applications” is a new 24 page 
; booklet especially prepared to familiarize you 
| be with the many ways in which seamless tub- 
def, ing can be economically used in your pred- 
Co., 4 uct. Packed with ideas and suggestions, it can 
be the source of additional profit for you : 
* . i 
ot Send the coupon for your free copy today. ‘ 
inde 
exte ; 
Cad 












you've plenty to work 
with. For Frasse ware- 
houses stock over 1200 tube sizes 
alone—from 3/32” to 24” O.D., in wall 
thickness from .022” to 1”. And for techni- 
cal assistance, you'll find Frasse engineers always 
ready to help analyse the profit potential of tubing 

in your product. Call Peter A. FRASSE and Co., Inc., 
17 Grand St., New York 13, N. Y. (Walker 5-2200) © 3911 
Wissahickon Ave., Philadelphia 29, Pa. (Baldwin 9-9900) 
© 50 Exchange St., Buffalo3, N.Y. (Washington 2000) ¢ Jersey 


City * Syracuse * Hartford * Rochester * Baltimore 

































PETER A. FRASSE AND CO., INC. 
17 Grand St., New York, N.Y. 


Please send me, without obligation, a copy of your new, 
helpful tubing booklet entitled “Mechanical Applications. 


18L 
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Nickeloid Metals Diamond Crimp 


Nickeloid Metals Horizontal Crimp 
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Nickeloid 


etals Square Crimp 





NICRELOID Zic-Plated METALS 
A Finer MATERIAL... A Fasten METHOD 


Nickeloid Pre-Plated Metals provide the shortest distance between 
raw material and finished product — just fabricate, then assemble. 
Thus, the lustrous, exciting beauty of Nickeloid Pre-Plated Metals 
is much more than skin deep — Nickeloid Metals also mean lower costs, 
faster production, reduced equipment needs. Nickeloid Metals are 
available for a virtually endless variety of applications, in sheets or coils 
in a wide range of gauges and tempers, plated one or two sides, bright 
or satin finishes of Chromium, Nickel, Brass or Copper plated to base 
metals such as Steel, Zinc, Brass, Copper or Aluminum. 






Write for new “Sampler” 


containing representative samples 
of Nickeloid pre-plated Metals. 















ey 
NICKELOID S 
< Sstablished 1898 
—— mrais ff = AMERICAN 
~ 
NICKEL ~ CHROMIUM~+ BRASS + COPPER PY N i C K ic LO i D 
ae perenne cng stor a0F C Oo iv p A me ¥ 
7 SHEETS AND COIS 9 
7 any iancts’ ° PERU 6, ILLINOIS 
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and Equipment 


cylindrical grinding and mounts op shat 
planer or milling machine for gj 
grinding. When not needed for preig 
work, it can be quickly converted to | 


. 
ee 





The Utility Grinder manufactured by 
Dumore Co. can be used for both ordi 
and precision grinding. 


use for burring castings, cleaning wel 
wire brushing, polishing and tool shap 
ing. These features make available a f 
ible, low-cost machine for handling } 
everyday production jobs and special grif 
ing jobs in small shops. 


Casting & Molding 


Core Sand Binder 


A synthetic thermosetting resin develop 
especially for use as a core sand binder 
been announced by Monsanto Crem 
Co., 1750 S. Second St., St. Louis 4, Md 

Use of Resinox 4846 is claimed to ma 
possible lower core sand costs in the fo 
dry as well as cleaner castings h ving be 
surface finish, greater detail ane L 
tendency toward veining, scabbing, spa’ 
blows and hot tears. 








a 8) 


Alt! 















Small Die Casting Machine 


A 1-lb. capacity, fast-operating 2in¢ ® 
die casting machine, Model M5) A 
1P, is now being marketed by DCMI # 
Casting Machine Corp., Dept. 5% 
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PROJECT: 
One-piece case for adding 
machine 
CUSTOMER: 

LC Smith & Corona 
Typewriters Inc 

Syracuse, N. Y 
MOLDER: 
Northern Industrial 
Chemical Co. 

South Boston, Mass. 
MATERIAL: 
Medium impact 
Durez phenolic plastic 


by 


ord: j 


poo orem soi gem The 


—7 effect of the phenolic 
case oat teins to reduce noise at the source, 


Ifyou are interested in reducing the 
tpense involved in a multiplicity of 
4 ols and jigs, then this L C Smith & 


— orona adding machine housing 
purez plastics may suggest a profitable 
ne of procedure. 

evel Although it is molded in one-piece, 

hen sso well designed and produced 

i, Ma" it meets the rigid tolerances in- 
to - ved in work of this nature. The only 

” * Mchining is a simple undercut at the 


RAY, 


OFFICE MACHINE SERVICE CONDITIONS 


 ofthec pond cab vered 
cuts cut in and omnpletaly 
checked for tolerances. 


bg 


* 


I; pays to use your 
ustom molder's know-how (-. 


when you want precision-fitting parts 





















ff 
a CORNER HOLES 
are molded in and fit 
over four locating 
pins on the machine. 
Good molding tech- 
nique assures accu- 


rate tion of holes 
and Spier ee 





sides, which is done by the molder. 

Cooperating with Smith-Corona ex- 
ecutives, Northern Industrial Chemical 
Co. plastics men shared in working 
out thick and thin wall sections, allow- 
ances for cooling and shrinking action, 
and various details that contribute to 
rapid assembly. 

Here, as in jobs that you may under- 
take, the custom molder came into the 
picture with a thorough knowledge of 


PHENOLIC 
RESINS 





Durez phenolic plastics. The most ver- 
satile of all plastics, phenolics have 
flow and strength properties that per- 
mit great latitude of design. Eight dis- 
tinct classes of Durez phenolics permit 
your engineers to select the mechani- 
cal, electrical, and chemical character- 
istics that suit their specific needs. 
Durez technicians will be glad to 
work with you and your molders. 
Please feel free to call on them anytime. 


MOLDING COMPOUNDS 


INDUSTRIAL RESINS 


PROTECTIVE COATING RESINS 


PHENOLIC PLASTICS THAT FIT THE JOB 


















SUPER ACE GRADE—one of the many formulas of Ace Hard 
Rubber available for molded and extruded machine parts, has a tensile 


strength exceeding that of most plastics, and high impact strength, too! 


Even more important than strength is the durability of hard rubber—its 
unusual toughness, high abrasion-resistance, excellent resistance to water, 


acids, alkalies, etc. Only glass-bonded mica has lower moisture absorption. 


For instance: the accuracy of water meters depends on strength, long-life, 
and stability of the hard rubber parts—expected to last 10—even 20— 
years under water. Here fatigue resistance is vital, as the parts may go 


through 50,000,000 or more cycles in a lifetime. 


With many different Ace Hard Rubber molding compounds, sheets, rods 
and tubes to choose from—also other Ace plastics such as Ace-Tex, Parian, 
Saran—you can select just the right combination of technical properties. 
And with our complete molding, extruding and fabricating facilities 


(among the world’s largest) at your service, your job 


will be done the best way, the quickest. isin 


Always check your Ace Handbook, pgs. 4 and 5, when 
selecting molding materials. If you haven’t a copy of this =, g 
valuable 60-pg. manual, write today—it’s free. iy 




























HARD RUBBER ond PLASTICS 


MERICAN HARD RUBBER COMPANY 


TT MERCER STREET © NEW YORK 13, N. Y. 
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New Materials 
and Equipment 


Duane St., New York 13. It utilizes sin, 
impression dies. 

Average production of 500 to 700 sho 
per hr. can be maintained by this machigs 
and die sizes up to 6 by 9 in. can be usd 









~ 


This small DCMT die casting machin 
economical for as few as 2000 pieces. 


Small prefabricated die blanks are supplit 
with the machine, and cavities can be m 
chined directly into these blanks. Th 
method of die fabrication, combined wi 
high-speed cycling, is said to make possidl 
economical production runs as low as 20 
pieces. The machine weighs 470 |b. 
requires 24- by 12-in. floor space 


Injection Molding Heater 


A new heating cylinder, especially “ 
signed for the injection molding of therm 
setting products, has been developed 
General Machine & Tool Works, Wat 
Lake, Mich., and is being sold throug 
Reed-Prentice Corp., Dept. P, Worcester ' 
Mass. 

The Kovac Injection Molding Heatet @ 
be installed on any Reed-Prentice 10-4 
machine now in use and is said 0 
readily interchangeable with the: oplasty 
heaters. 


R , Le 
The Kovac process includes < atroll 


2 AY 
MATERIALS & METHOD , 
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stainless Is 


too— 


versatile, 
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As versatile a performer as stainless steel is, the application 
of each member of this family of alloys must be carefully 
planned. Pioneers in the development of these specialty steels, 
Crucible knows that unless the right analysis is used, stainless 
may prove disappointing. That’s why Crucible offers you the 
services of an alert staff of metallurgists and engineers to 
help you apply stainless . , . properly. These engineers and 
metallurgists have all the wealth of experience that Crucible’s 
half century of specialty steel leadership provides . . . take 
full advantage of it. 


Whatever your stainless application may be, Crucible is 
prepared to help you. Whether the order is in pounds or tons, 
Crucible tackles every industry-posed problem with a keen 
devotion to detail. If you’re thinking of stainless . . . call in 
Crucible. CRUCIBLE STEEL COMPANY OF AMERICA, Chrysler 
Building, New York 17, N. Y. 


first name in special purpose steels 


steelmaking 
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HOW TO REDUCE YOUR REFRACTORY 
MAINTENANCE COSTS... 


he The Hew 





~ 3X BLAZECRETE 


<10]010 hae 


Just mix with water 
... flip into place... 
trowel smooth — no 
laborious ramming or 
tamping required! 


3X Blazecrete hardens after 
6 hours of air curing. After 
that, it can either be fired or 
left standing indefinitely. It’s 
furnished dry, and any un- 
mixed or unused 3X Blaze- 
crete left over from the job 
can be stored for future use! 





3X Blazecrete is unusually 
effective for heavy patching, 
especially where brickwork 
It has exceptional adherence 























is spalled, or deeply eroded. 


qualities. 


Use it with gunning 
equipment, too 


When applied by gun, 3X Blaze- 
crete makes an unusually strong, 
dense and homogeneous lining or 
wall. It adheres readily with a 





(.’ 
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minimum of loss when “shot” into 
place. Available in 100-lb bags. 
155 lbs per cu. ft. is required for 
gunning; 130 lbs per cu. ft. for 
troweling. For further information 
write Johns-Manville, Box 290, 


New York 16, N. Y. IM us 


PRODUCTS 
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New heating cylinder especially design G 
for injection molding thermosetting plas C 
preheating in the normal cycle of the g 
chine, thus eliminating the necessity § a 
preheating of material prior to placing n! 
in the hopper. Molds also have pe 
heat for final curing of the shot to 
th 

¥ . 

di 

co 

” 

Testing & Control a :: 
th 
qt 
er 

Low-Temperature Pyrometer - 
A surface pyrometer designed | 

temperatures between 0 and F pl 

been introduced by Illinois Testing La of 

tories, Inc., 420 N. LaSalle St., Chicago! 

Ill. Known as the Alnor Type se 

face Pyrometer, the instrument is c: th 


at one degree per division, thus 
more accurate measurements 


than 







—— 
allow! 


usually possible. 

















Film Thickness Gage 


An accurate method for measuring ' Se 
thickness of attached dry films ana ® ee 
sheet metals, foils, paper or plastic has be Pl 
developed by Interchemical Corp., 350 Fi : 


Ave., New York 1. The equipment, 
employs the Interchemical Direct 
Thickness Gage previously dev 
wet-film measurements, is being 
tured by Henry A. Gardner 
Inc., 4723 Elm St., Bethesda, M 
Attached dry films are measu! 
by means of an optical attachm 
gage plus a suitable light source. the 
is stripped at two points about ! 
and the two outside gage wheels rest 
these stripped areas. Then the gage * 


tated until its eccentric center whee! touc 
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HARDENING CROSSHEAD PINS with their 
G-E induction heater saves Clark Brothers 
Company, Inc., Olean, N. Y., $25 per unit 

.. enough to pay for their heater in a short 
time! Clark passes this saving along by fur- 
nishing additional induction hardened parts 
per unit with no additional cost to the cus- 
tomer. Result—increased serviceability of 
the compressor. 

Previously these pins (about five inches in 
diameter and one foot long) were carburized, 
cooled and counterbored to remove material 
where hardening was not desired. They were 
then reheated to hardening temperature and 
quenched. Following this, a small area on the 
end of the pins, which was to be drilled and 
tapped, was annealed by torch. 

The entire hardening operation is now accom- 
plished in a single pass through the work coil 
of the G-E induction heater! And this is only 
oe operation Clark Brothers perform with 
their induction heater. 
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You can put your confidence in 


GENERAL 





They also harden lands on valve seats which 
vary from 3 to 10 inches in diameter; harden 
the ends of setscrews; and progressively 
harden piston rods 1% to 4% inches in 
diameter and 3 to 13 feet in length. 

Net result: parts hardened better, faster, and 
at lower cost with a G-E induction heater. 


your propuct ann INDUCTION HEATING 


If you are annealing, brazing, soldering or hardening parts 
of your product, you can very likely do the job better, faster, 
and at lower cost with G-E induction heaters. Just contact the 
G-E Sales Office nearest you; we'll be glad to recommend 
the cost-cutting equipment best suited to your particular 
heating jobs. 


(6) ELECTRIC 













IF IT CALLS FOR 
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the film. A light source placed behind 
gage permits the observer to check the » 
at which the center wheel meets the 4 
and cuts off light. 

For measuring thin metal sheets, fg 
paper and plastic films, the gage rests 
plane surface with its eccentric center wh 
at maximum reading. A narrow strip of 
sheet material is placed on the plane 













BEITR =~ 
CALL 


FOR BRAINARD 
WELDED MECHANICAL TUBING 


It's easy to understand why more Brainard 
Tubing is being used today than ever 
before. 






The Interchemical thickness gage has 
adapted to measurement of dry film 
thin sheet materials. 











face between the two outer wheels. 
the gage is rotated over the strip unt 
slight binding is noticed; reading at 
point gives the thickness. Great preti 
in these measurements is claimed bed 
no pressure is exerted against yiel 
surfaces. 



















For tube users everywhere are discovering 
they can get quality tubing at standard 
prices just by specifying “Brainard.” 





Pocket-Size Hardness Tester 


A pocket-size surface hardness 
instrument for quality control is now? 
marketed by Peabody Industries, In¢., 
Penobscot Bldg., Detroit 26, Mich. 


Brainard also performs many fabricating operations. Brainard The Metalometer is claimed to give 
stant, accurate readings on Brinell, 


offices are listed below. Call the one nearest you, the next well Band. Rockwell C. scales. ail 
time you want tubing or fabricated tube parts. 


The reason—Brainard forms their tubing 
from their own strip—thus they can build 
better value into their product. 






STRAIGHT 
. 
& @ lel itive Gelalice) (te Micrel Ole-Mie | 
= Product by Brainard 
~ ¥2" to 4” — .025 to .165 


TUBING DIVISION =< 


“4 





The Metalometer offers a convenient me 1 
BRAINARD STEEL COMPANY of quality control + 
2335 LARCHMONT AVENUE WARREN, OHIO mar the surface of the work being © 
There are Brainard sales offices in Atlanta, New York, Cincinnati, Pittsburgh, | “ oe, cage: a 
Buffalo, Chicago, Philadelphia, Detroit, Cleveland and Nashua, N. H. Sales the surface to chec ed, a . - 
Representatives: Sharonsteel Products Co. in Detroit and Grand Rapids, Mich.; | released, and accutate readings are ‘ 
B. W. Parsons Co., St. Paul, Minn.; Fred J. Reynolds, Davenport, la. | in less than a second. _ 
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Axivane exhauster by Joy Mfg. Co.; 
bezel molded by Kurz-Kasch, Inc. 


BEETLE WastICs thrive on slaving” 
ih the kitehen al day long / 


BEETLE Plastic is ideal for products and parts made for the “most used” room 
in the house—the kitchen. Here are a dozen good reasons why: 
1—BEETLE Plastic is resistant to wear, breakage, abrasion; has nothing to wear off. 2—It is light, yet 


Jf 





strong. 3—Won't soften, warp, get hot. 4—Chemically inert, 
itwon’t be hurt by common solvents or grease and it resists food 
acids, 5—Easy to clean and keep clean. 6—In white its sanitary ©} ( ) 
arance matches other kitchen equipment. 7—Odorless, 
8—Good insulating properties. 9—-Smooth-textured, lustrous. AMERICAN Cyanamid COMPANY 
-Available in wide range of beautiful, permanent colors. 
is easy moldability. 12—It’s adaptable to mass production. 


Enough said? Let’s talk about your product 
and fast-cure, low-cost BEETLE. 


PLASTICS DEPARTMENT 
34M ROCKEFELLER PLAZA, NEW YORK 20. N. Y. 











*® 


ETLE# plastics — urea-formaldehyde thermosetting molding compounds. MELMAC¢® plastics — melamine-formaldehyde thermosetting mold- 
compounds, industrial and laminating resins. URAC* resins — urea-formaldehyde thermosetting industrial resins and adhesives. MELURAC#® 
ins — melamine-urea-formaldehyde thermosetting resin adhesives and laminating resins, LAMINAC# resins — thermosetting polyester resins. 
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PHOSPHATE FINISHES 
TO 
MAKE YOUR PRODUCT 


DURABLE 


PAINT BONDING 


“Granodine” forms a zinc-iron phos- 
phate-coating bond on sheet metal products 
— automobile bodies and fenders, refriger- 


ator cabinets, etc. — for a durable, lustrous 
finish. 


“Lithoform” makes paint stick to gal- 
vanized iron and other zinc and cadmium 
surfaces. 


“Alodine”, the new ACP protective coat- 
ing chemical for aluminum, anchors the 
paint finish and protects the metal. 


RUST PROOFING 


“Permadine”, a zinc phosphate coating 
chemical, forms on steel an oil-adsorptive 
coating which bonds rust-inhibiting oils 
such as “Granoleum.” 


“Thermoil-Granodine”, a manganese- 
iron phosphate coating chemical, forms on 
steel a dense crystalline coating which, 
when oiled or painted, inhibits corrosion. 


PROTECTION FOR 
FRICTION SURFACES 


The oiled “Thermoil-Granodine” coat- 
ing on pistons, piston rings, cranks, cam- 
shafts and other rubbing parts, allows 
safe break-in operation, eliminates metal- 
to-metal contact, maintains lubrication and 
reduces, the danger of scuffing, scoring, 
galling, welding and tearing. 


IMPROVED DRAWING 
AND EXTRUSION 


“Granodraw” forms on pickled surfaces 
a tightly-bound adherent, zinc-iron phos- 
phate coating which facilitates the cold 
mechanical deformation of steel, improves 
drawing, and lengthens die life. 


Write or call for more information on these 
products, and advice on your own metal- 
working problem. 






Manvfacturers of Metallurgical, Agricultural and Pharmaceutical Chemicals 
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an odor to the finished material 
is a dioctyl adipate of low acid 
tent. With it, vinyl compounds , 
retain a high degree of elasticity 
temperatures as low as —70 F wy 
at the same time, the plasticize, 
efficient enough so that the quant 
required will not unduly lower ; 
physicals at room temperature. 

Bakelite Div. of Union Carbide 
Carbon Corp., in the show with hy 
its phenolics and its thermopla 
resins, announced a new serie 
general-purpose phenolics with 
ing rates 15 to 45% faster thant 
standard phenolics that have bg 
considered fast curing. Chemig 
physical and electrical properties 
the new high-speed material will 
substantially equal to those of 
standard general-purpose pheno 
Production rates have been incre 
from 15 to 100% by use of then 
molding material, according to 
suppliers. 

Styrene and vinyl polymers as « 
ings for insulating boards and pa 
and new products of polyethylene 
the packaging and housewares fie 
were also part of Bakelite’s disp 
Window shades of vinyl sheet 
supplement the window drapes 
the same material, it was announ¢ 







































































Molding Presses 


Plaskon Div. of Libby-Owens- 
Glass Co. continued to feature 
alkyd molding compound with 
demonstration of three new hi 
speed molding presses recently f 
duced to bring out the possibil 
of the quick-setting resin. 
presses, in the $1500 to $3000 pt 
class, are especially developed 
leading press builders to take adi 
tage of the exceptionally short 4 
possible with the alkyd. The ut 
ally low price for a fully autom 
press is a result of this design. 

A method for preparation of g 
ular molding material was dem 
strated by Monsanto Chemical 9 
Plastics Div. Dry coloring of sty! 
crystal compound by simple ' 
bling in drums may solve some 
the problems for the molder ' 
must make up a wide range of 
in his molding material, and “4 
conveniently or economically keel 
these colors in stock. Any color ® 
ing material can be made up '§ 
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HIGH PRODUCTION 
BATCH-TYPE FURNACE 


*WITH BUILT-IN RX 


ATMOSPHERE GENERATOR 


CHARGE 
VESTIBULE 


- 


PLATFORM 


DESIGNED FOR GREATER 
ECONOMY OF PRODUCTION 


Surface’ researchers and engineers 
uve combined all the time-proven 
ltures of furnace design into a unit 
tat meets all the requirements for 
W COST, HIGH PRODUCTION 
{heat treated pieces. 


Investigate its Cost Reducing Possibil- 
“jor your plant — Today! There is no 
gation, 


“Option: "| 


e 


h 


* HIGH-RATE BATCH PRODUCTION . . . Heats 
a gross load up to 200 lbs. per hr. per sq. ft. 
of hearth area, depending upon work and 
type of loading. Gross charge capacity 
of furnace up to 2500 lbs. 
* Low COST...minimum investment for 
each pound of capacity. Light case 
cyaniding can be done for less than one- 
half cent per pound of work, exclusive of burden and fixed charge. 
*®& EXTREME FLEXIBILITY... especially adaptable to Gas Carburizing, Carbon 
Restoration (Skin Recovery), Dry (gas) Cyaniding, Homogeneous Carburization, 
Clean Hardening, and for General Heat Treating. Recommended for miscel- 
laneous parts such as bolts, screws, fittings, etc., and straight shafts up to 
12-13 inches long. 
* *‘SURFACE’ RADIANT TUBE HEATING ... with baffle between the work and the tubes. 


* FASTER HEATING... fan is used to circulate the heated prepared gas atmos- 
phere around the work to secure a higher rate of heating and improve contact 
with the load. 


* BUILT-IN ‘SURFACE’ ATMOSPHERE GENERATOR...ecliminates the need for an 
external generator, resulting in fuel and floor space economies, 


* LOADING AND UNLOADING MECHANISM ... consists of two alloy screws to move 
loaded trays in and out of furnace. Furnace holds four trays at a time. 


* AIR COOLING OF WORK ...can be done in the charge vestibule, or— 


* LIQUID QUENCHING ...a lowerator mechanism provides means for oil quench- 
ing loaded trays in quench tank built adjacent to front of furnace beneath 
charging vestibule. 


* SAVES FLOOR SPACE...overall dimensions approximately 16-feet long (in- 
cluding quench tank) by 9-feet wide by 13-feet high. Occupies only 144 square 
feet of floor space. 


SURFACE COMBUSTION CORPORATION « TOLEDO 1, OHIO 


9 
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INDUSTRIAL FURNACES 








HERE’S LOW-COST 
POSITIVE TEMPERATURE CONTROL 
with C2202 ACCURACY 





Alnor 

Temperature Controller 
Now-—at a cost far less than you 
may think—you can bring automatic 
precise temperature control to heat-treat- 
ing furnaces, bake-ovens, etc.—in fact, 
to any heating device whether electrically 
heated or fuel fired. The Alnor Controller is 
simple in design and operation—you merely 
set the pointer at the desired cut-off tempera- 
ture, and it’s ready to give you the finest in 
accurate controller service on new or existing 
heating equipment. Alnor quality throughout, 
it features the famous double air gap pyrometer 
movement; easily read, 6-inch mirrored scale; 
automatic cold-end compensator; weather-proof, 
dust-tight case—a truly rugged, precise instrument 
at a price you can afford. Write today for complete 
information and price. Illinois Testing Laboratories, 
Inc., Room 522, 420 N. LaSalle St., Chicago 10, Ill. 


PRECISION INSTRUMENTS 
FOR EVERY INDUSTRY 
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dry colorant and styrene crystals 
within about half an hour. There jg 
some sacrifice of uniformity in color 
and matching may not be as accurate 
but the loss should not be important 
except for critical work. 


Packaging Film 


Dow Chemical Co., which has re. 
leased its trade name Saran to be. 
come a generic term for vinylidene 
chloride polymer, displayed some of 
the new products of saran film and 
filaments. The film has gone into the 
packaging field, where its transpar. 
ency, absence of taste or odor, plia- / 
bility at low temperatures, and high 
vapor-barrier properties are especial 
ly desirable in the packaging of we 
or moist foods. Pickles in brine, dried 
fruit, and ground meats are some of 











the products for which it is being 
used. Woven filaments are finding 
increasing acceptance as upholstery 
materials. may 


Dow's polystyrene was used in the §5,0( 
molding of a ukulele, an unusual 
piece of work in which the instru- Mw, 
ment, assembled from eight separate self 
moldings, is produced at a price low- 
er than that of the wood-and-metal | 
article. Savings in labor make up the Hit 


difference in the cost of the materials 
Other items displayed were toys, rig- Bi Bet 
id containers, household utensils, etc. HM), 
Extrusion of cellulose acetate buty- Hm, 
rate coatings directly over steel tube 
was a featured development of Ten- Hy 
nessee Eastman Corp. The tube, of #ipbui 


2- to 3-in. dia. for many applications, 
is covered with a tightly adhering Bi ., 


coat of the plastic about 1/10 i 
thick, and in any of a wide range 
of colors. The coating will noc chip, 


and the tube can even be bent aiter 
coating. Such tubes are used for 
stanchions and grab rails in busses, 
for seat arms, etc. 


Cellulosics Applications 


Plant covers of transparent ce! 
lose acetate butyrate, lastin 
five years, are gaining ag 
paper covers used for prot 
growing truck crops. The p 
ers had a life of a few we 
few months. In addition to the 100 
er life, largely offset by ¢! ighe! 
cost of the plastic, the transparem 
shields permit the plants t * 
about two weeks earlier. Irrigatio” 
tubes, light in weight and non yrrod- k 
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: dogg Bethlehem © 


A complete service that includes planning, 








































engineering, building, equipping, assembly 


f wet 

dried 

ne Of MRethlehem hot-plate, molding, and metal-forming 
— de to order in an unusually wide 
dinoggeresses are made to y 

stery range of sizes. In our shops at the same time you 


may find a small 110-ton unit and a big fellow of 
2 the #§5,000-ton capacity—or any size in between. 
usual Presses are built to customer specifications. 
a 4 When you order from Bethlehem, you may specify 
self-contained or separate hydraulic power plant; 








low- 

netal Mot, if you like, we can furnish the press alone, 
» the Mwithout power plant or accessories. 

rials. Before placing future orders, check on what 


ig- MBBethlehem has to offer. Let us show you what we 





er have built for others during our many years in the 
~ube Mg Usiness. We have the engineers, the plant, and a 
len. Moackground of deep experience, enabling us to 
, of build the unit you specify, correct in every detail. 
ons, 

ring 

in. WE OLIHLEHEM STEEL COMPANY, BETHLEHEM, PA. 
+4 On the Pacific Coast Bethlehem products are sold by 

= Bethlehem Pacific Coast Steel Corporation 

for Export Distributor: Bethlehem Steel Export Corporation 
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WHAT'S THE 
FASTEST WAY TO CLEAN 
METAL? 


See page 11 


WHAT'S THE 
MOST 
ECONOMICA 
WAY? 
See page 9 


Oakite’s 
New FREE Booklet 


‘Some good things to know 


about Metal Cleaning” 


answers many questions that 
mean better production for you, 
more money in your pocket. 
You'll want to read more about: 


@ What kind of cleaner attracts 
both oil and water? How 
does this help remove buffing 
compound residues and pig- 
mented drawing compounds? 
See Page 8. 


@ What are the advantages of 
reverse current for electro- 
cleaning steel? See page 15. 


@ Can you electroclean brass 
without tarnishing? See 
page 18. 

@ Can you clean steel and con- 
dition it for painting for less 
than 20 cents per 1,000 
square feet? See page 26. 


@ Would you like a cleaner that 
removes rust and oil in one 
operation, often eliminating 
all need for pickling? See 
page 28. 

@ Does your burnishing pro- 
duce a luster you are proud 


of? See page 32. 
rRe For a copy of this 

44-page illustrated 
booklet, write Oakite Products, 
Inc., 32H Thames St., New 
York 6, N. Y. 
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METHODS * 
Technical Service Representatives Located in 
Principal Cities of United States and Canada 
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ing, transparent jars for food pack- 
aging, traffic markers, conveyor roll- 
ers, pneumatic conveyor tubes, and 
tool handles were other items of cel- 
lulosics. An extruded sheet stock, in 
all colors and clear and transparent, 
has been produced for fabricators. 

Westinghouse and U. S. Plywood 
Corp. are cooperating in the produc- 
tion of Micarta-Weldwood compos- 
ites, now available in various com- 
binations of colors, textures and ma- 
terials. It is used in furniture, fixtures 
and building interiors; and in railway 
coaches, busses, and aircraft. The new 
range of colors permits a wider scope 
and better color harmony to the user. 

American Cyanamid Co.'s poly- 
ester resins are going into tote boxes 
for bakeries, electrical parts, steam 
vaporizers, sterilizers, etc., indicating 
the expanding uses of these thermo- 
sets. A boat hull molded in one piece 
is made of the resin with glass 
fiber mat as the reinforcing material. 
Wrinkle-resistant and water-resistant 
cloth uses the melamine resin to con- 
fer these properties. 


Annealing Polystyrene Parts 


Koppers Co.’s display stressed the 
importance of annealing polystyrene 
molded parts to obtain best physical 
properties. Heating in air or water 
for about 2 hr. at 160 to 170 F will 
relieve the stresses locked up during 
molding or extruding. In many cases 
the piece can be annealed in the 
molding machine. 

U. S. Rubber Co. displayed some 
of the materials into which its new 
blended material, Royalite, is going. 
Luggage, typewriter cases, aircraft 
window frames, fan blades, sewing 
machine cabinets, and railway car 
panels are typical. The material is 
also produced in a lightweight, ex- 
panded form for insulation, sound- 
proofing, floats for pontoons, and the 
like. 

The acrylics are rapidly taking a 
place in the automotive industry as 
the preferred material for transparent 
molded ornaments, tail light lenses, 
etc. Electric signs of translucent plas- 
tics are competing with fluorescent 
lighting and with enameled steel dis- 
play equipment. Nylon zippers, plas- 
tic-covered dough rolls, and polysty- 
rene phonograph records were some 
of the other applications for plastics 
shown. 






























































_STRAIGHT-LINE” 
TEMPERATURE CONTRO” 


with 


XAC]LINE 


ELIMINATE 

Overshooting 

Undershooting 
Are you going to Continue to 
put up with that troublesome overshooting 
and undershooting inherent in your cop, 
ventional pyrometer control —espegj 
when it is so easy to eliminate that say. 
tooth effect? 

Put XACTLINE in the control Circuit, 
XACTLINE anticipates the temperatys 
changes — before they occur. And too, 
it nullifies the varying amounts of thermal 
lag, residual heat, and mechanical lag— 
producing a short on-off cycle resulting 
in ‘‘Straight-Line’’ temperature contro, 
This performance is possible becays 
there is no dependence upon mechanical 
parts—XACTLINE operates electrically, 
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a Pyrometer Only 





Exact reproduction of temperature chart for a heating 
process showing the comparison of the ‘Straight 
Line’’ temperature control produced by XACTLINE 
and the saw-tooth curve obtained with only conver 
tional control. 


XACTLINE is applicable to any indica 
ing or recording pyrometer control of the 
millivoltmeter or potentiometer type. | 
should be used wherever close tempero- 
ture control is required — any type of 
electrically heated oven, furnace, kiln, 
injection molding machine, and fuel-fired 
furnaces equipped with motor-operated 
or solenoid valves. 

XACTLINE is a complete unit. No o¢ 
justment or coordination with the contr 
instrument is required regardless of tne 
size of the furnace, length of the heating 
cycle, or size of the load. Installation 's 
very simple — can be either flush or sv" 
face mounted. 


price $89.50 F.0.8. CHICAGO 
Nothing Else to Buy 


GX ES UMS YUSYOE® 
‘GORD 
ND 
°% SERVICE: >: 
on ee 


CLAUD S. GORDON CO. 


Specialists for 36 Years in the Heat Treo" 
and Temperature Control Fie! 

Dept. 24 © 3000 South Wallace St., Chicoge '6 W 

Dept. 24 © 2035 Homilton Ave., Clevelend 14, 
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It’s Fully Electronic 


eeefo limit costly outage time! 






























A resistance welding control is one of the busiest things we 
can think of. Imagine the intense activity as it performs over 
a thousand precise timing and switching functions in a single 
minute’s operation. Little wonder it takes equipment that 
doesn’t get tired or break down under load. 


The electronic tube has qualities that make it particularly 
well suited for this kind of duty. It’s not subject to fatigue, 
and it can work at tremendous speed indefinitely. That’s why 
the new Westinghouse Control is completely electronic. 
Timing functions are now performed electronically. The 
result is a gain in precision with practically no moving parts. 
Fewer moving parts mean fewer control breakdowns . . . less 
costly outage time . . . savings that more than repay the 
cost of the equipment. 


Booklet, B-4309, just off the press, explains all the advantages 
of this remarkable new control. You'll see how it’s easier to 
install, easier to operate and maintain . . . how it’s adaptable 
to spot, butt or projection welding. For your copy, write 
Westinghouse Electric Corporation, P. O. Box 868, Pittsburgh 
30, Pennsylvania. j-21537 


‘RESISTANCE 
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for Everyone Concerned 
with Improving Heat 
Processing Conditions 


IMPORTA 














tells how 
© You Can Cut Fuel Costs. 


© Eliminate Guesswork about 
aac Heating Uniformity. 


; © Reduce Product Rejects. 


Gives Complete Facts on 


. How the Hauck Burner, with its single control 
lever, eliminates the inconsistent and variable 
results of multiple valve regulation. 


2. Uniformity of oil-air ratios and flame charac- 
ter from all burners on one furnace. 





Write us on your company or pro- 
fessional letterhead for free copies 
for your engineering, technical and 
production men. 


3. Closer control of work temperature limits. 


4. Why the burner operates satisfactorily on 
heavy or light oils. 





5. Better combustion and greater fuel savings. 





147-157 TENTH STREET * 

















yY CASTINGS 


@ The gantry crane shown with this battery of EF 
batch type furnaces picks up castings from a receiving platform 
— loads them into the furnaces — removes them after heating — 
lowers them into the quench — removes them after quenching 
and places them on an unloading platform. 


Our wide experience in all phases of heat treating and related 
material handling problems, puts us in a preferred position to 
solve most any ferrous or non-ferrous annealing or heat treating 
problem. We solicit your inquiries. 


THE ELECTRIC FURNACE CO. 
as reatins ee eee ang Chio 
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New Colorless Compounds |nhj 
Corrosion by Circulating Waty 


Corrosion of iron and steel by ¢ 
culating water can be almost cy 
pletely prevented by addition of sp, 
amounts of tungsten and molyhi 
num compounds, according to a» 
cent report from the Institute (j 
the Study of Metals of the U Niversiy 


A paper- prepared by William ) 
Robertson revealed that dissolving 
few hundred parts of alkali mol 


of circulating water or brine will sy 
rusting. In this respect, these may. 
rials are similar to chromates, whid 
are widely used as inhibitors. 4 
though they are currently more «: 
pensive than the chromates, the 
colorless compounds are expected j 
be useful where the vivid yell 
color of the chromates makes then 
undesirable. The new inhibitors at 
also expected to prove as effective 


and magnesium against corrosion. 

The exact mechanism by whic 
these rust-inhibitors work is still uw. 
known and is the subject of the it 
vestigations which revealed the ne 
inhibitors. 


Relative Thermal Shock Resistance 
Determined for Six Cast Alloys 


Results of an investigation under 
taken to determine the relative tt 
sistance of six cast high-temperatut 
alloys to cracking caused by therm 
shock have been reported by the Ni 
tional Advisory Committee for Act 
nautics (Technical Note 2037 


Gas Turbine Heating Cycles 
The operating conditions of 4° 
craft gas turbines subject certall 
components to large and sudden te 
perature gradients, producing therm 
stresses which, in some cases, (als 
failure. The few attempts which ! 
been made to appraise the therm 
shock resistance of heat-resis:ant # 
loys have generally been of « qua! 
tative nature. Primary purpose oF 
investigation by M. J. Whitman, 
| W. Hall and C. Yaker was «> evi! 
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ZINC 
die casting demand 


SOARS 





& 


1929 1930 1931 1932 1933 1934 1935 1936 1937 1938 


1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 








Zine die casting demand soars like a rocket. In 1929 the No such growth would have been possible if depend- 
quantity of slab zinc used in the production of die castings ably pure zinc were not available. ANACONDA Electric* 
was 5.7%t of the total amount used for all purposes. In Zinc is 99.99-+-% pure—always! Anaconda does not make 


1948 this figure had soared to 28.8%. 


die castings, but supplies ANACONDA Electric Zinc, 


| The curve shows graphically how this remarkable 99.99+% pure, to the die casting industry. Anaconda 
increase progressed. Today about 60% of all die castings Sales Company, 25 Broadway, New York 4, N. Y.., 


are zinc-base. Subsidiary of Anaconda Copper Mining Co. 


f as os ‘ee 
T from Meta Statistices’’ 


* Reg. U Pat. Of. 


Look to ANACON DA ior: 


Copper - Zinc - Lead - Silver - Cadmium - Bismuth - Arsenic 


MAY. 1950 
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\j  —-MOT ONCE BUT 7//CE FoR EACH! 
—_—mfnJ 


Yes, Sir! Every cylinder of Mathieson 
Ammonia must pass two rigid inspec- 
tions — one before and one after filling. 
The first checks valves and cylinder con- 
dition; the second seeks for the possible 
presence of non-condensable gases, mois- 
ture or impurities. Such searching scru- 
tiny guards against corrosion, rusting 
or clogging — assures delivery to you, 
in tip-top condition, of cylinder after 
cylinder of the purest ammonia obtain- 
able. And you'll always get prompt 
deliveries of that good Mathieson 
Ammonia—in 100- and 150-Ib. cyl- 
inders — from any of 40 conveniently 
located warehouses. Write for booklet: 
“Mathieson Anhydrous Ammonia”. 
Ze Mathieson Chemical Corporation, 
Mathieson Building, Baltimore 3, Md. 
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SERVING INDUSTRY, AGRICULTURE AND PUBLIC HEALTH 








RECIPROCATING, CONTROLLED ATMOSPHERE FURNACES 
SUITED TO WIDE RANGE OF GENERAL AND ATMOSPHERE WORK 


VERSATILE. A.G.F. Reciprocating Furnaces are suited to continuous clean hardening, 
annealing, normalizing, case-hardening by the patented Ni-Carb process, etc. Work 
treated in the same furnace may range from extremely small light springs, stampings, 
drop forgings, etc. up to quite large and heavy pieces. 

THE RECIPROCATING MUFFLE advances work through the heat by its own momentum. 
Heat losses and maintenance problems are reduced to a minimum by the complete 
elimination of conveying mechanism from the heating chamber. There is no traveling 
belt to be alternately heated and cooled—only work enters and leaves the furnace. 


Write for Bulletin 815-AB today. 


AMERICAN GAS FURNACE CO. 


142 SPRING STREET ~- ELIZABETH, N. J. 
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high-temperature alloys to thermal. 
shock cracking. 

The evaluation unit utilized a cop. 
trolled water quench of the symmetri. 
cal edge of a uniformly heated, modj. 
fied wedge-shaped specimen. The 
specimens were heated at a uniform 
temperature of 1750 F for 1 hr. and 
water quenched to 45 F. This cycle 
was repeated until thermal shock 
failure occurred. The order of de. 
creasing resistance to thermal-shock 
cracking of the alloys was: $816 
S-590, Vitallium, 422-19, X-40 and 
Stellite 6. 

The heating and quenching cyck 
produced elongation of the quench 
edge, and measurements of these def. 
ormations were made during th 
cyclic tests. Total elongation of the 
quenched edge at failure was found 
to increase with the resistance of the 
material to thermal shock. 


No Correlation Found 

Materials having similar thermal 
properties, such as coefficient of linear 
expansion, conductivity and specific 
heat, were found to have widely dif. 
fering resistances to thermal shock. 
Metallurgical examination of the 4l- 
loy structural and study of the n- 
ture of crack propagation yielded ni 
correlation between structural char- 
acteristics and resistance to cracking 
caused by thermal shock. 

An analysis of the manner in which 
the thermal-shock crack formed and 


| progressed into the specimen, and 1 
| examination of available data on the 
_ notch impact strength of cast high- 


temperature alloys, indicated a pos- 
sible relation between notch impact 
strength and resistance to cracking 


| caused by thermal shock. 


Magnetic-Fluid Clutch Developed 


A mixture of oil and finely-divided 


| iron powder which can_ instantly 


change to a solid and then retufi 
to a liquid again is the basic featur 
of an improved magnetic-fluid clutch 
announced recently by Genera Elec- 
tric Co. When the unit is en¢ rized, 


ye told 
| the fluid solidifies to form a rig! 
| connection between two rotary cy! 


| 


ders so that the motion of one cylit 
der is transmitted to the othet. 
Varying degrees of rigidity of th 
magnetic fluid can be obtained by 
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LINDBERG 


INDUCTION 


HEATING 
UNIT 





NEW and EXCLUSIVE developments 


Available in single and two-station models the 
Lindberg LI-25 is ideal for hardening, brazing 
and soldering, annealing and stress relieving, hot 
forming and light forging, shrink fitting and 
other induction heating applications. 

The Lindberg LI-25 is a ruggedly constructed 
vacuum-tube tyre unit for hard working produc- 
tion line jobs. Oscillator tube, power transformer 
and other major components deliver a full 25 KW 
with plenty of reserve to insure dependable day 
in and day out performance. Well designed—safe 
and simple to operate—featuring the most desir- 
able developments in high frequency heating. 


CONDITIONED COOLING —Built-in to increase 


tube life, eliminate harmful condensation and 
scaling, reduce water pressure and consumption 
—can be used with hard water. Rubber hoses are 
completely eliminated. 


e? oe >. >. > 

CHECKLITE”—a unique feature exclusive with 
this unit, makes servicing easier, reduces main- 
tenance costs. 


AUTOMATIC CONTROL—when job cycles are 


set, automatic timer controls every phase of the 
operation—heat, quench, fixture movement. 


SAFE AND SIMPLE—both operator and oper- 


ating parts are protected—filament voltages 
are constantly regulated—tank capacitor is her- 
metically sealed—work coils protected against 
burn out. Every unit certified to meet FCC 
regulations. For detailed information write for 
Bulletin T-1420. 





For specific application information con- 
tact your local Lindberg Office, or write 
describing your problem in detail. 











LINDBERG HIGH FREQUENCY HEATING 


A DIVISION OF LINDBERG ENGINEERING CO. 


» MAY 


1950 


2448 West Hubbard Street, Chicago 12, Illinois 
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NATURE 


provides trees 
with an armor of 
protective BARK 


ive 
rotection! 















INGERSOLL 


provides carbon steel 
sheets with a protec- 
tive armor of SOLID 
— STAINLESS STEEL 


At Borg-Warner’s Ingersoll Steel Mills, 
we produce sheets of a remarkable steel 
that gives real stainless protection on 
the contact side. The actual photo- 
graph (at left) of a machine cutting, 
greatly enlarged, shows how perfectly 
the cladding of 20% solid stainless is 
bonded to an 80% backing of carbon 
steel to form— 





The uses are widespread . . . the cost 
considerably lower than for the solid 
stainless metal. It will pay you to inves- 
tigate the fabricating advantages and 
economies of IngAclad. 


Ingersoll also produces Solid Stainless 


Sheets and Heat-Resistant Steels. Your 
inquiries are invited. 


—— 


Ingersoll STEEL DIVISION| iV 





BORG-WARNER CORPORATION 
310 South Michigan Avenue « Chicago 4, Ilinois ; 
Plants: Chicago, Ilineis « New Castle, Indiana e Kalamazoo, Michigan & 


. — —4 
PROOUCTION 
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regulating the current, thus allowing 
the clutch to slip if necessary. : 

The G.E. magnetic-fluid clutch ; 
still in the laboratory stage, and com, 
mercial possibilities have not yet bee 
explored. 


Conference to Discuss Plastic; 

Plastics, especially their mechanic] 
properties, will be the subject of , 
three-day conference at Massachuser; 
Institute of Technology on June 20. 
21 and 22. Sponsored by the MIT 
Plastics Committee, the program 
designed to provide an opportunin 
for those interested in, but not direc. 
ly associated with, plastics to hear 
and participate in discussions of their 
properties and uses. 

Further information can be ob 
tained from Professor A. G. H. Diet 
Room 5-209, Massachusetts Institut 
of Technology, Cambridge 39, Mass 


Studies Show Metallic Friction 
Involves Metal Removal 


Two independent investigations 
carried out recently by the National 
Advisory Committee for Aeronautic 
and the Massachusetts Institute of 
Technology shed some new light on 
what happens when two pieces o 
metal rub together. 

Results of studies by Douglas God- 
frey of the causes of “fretting corto 
sion” have been published by the 
NACA (Technical Note 2039). Fret: 
ting corrosion is the term applied t0 
surface failure that may occur when 
closely fitting machine components 
are vibrated. It is characterized prit- 
cipally by surface stain, corrosion, 
pitting and the generation of oxides 
Aircraft Parts Failure 

New incentive to solve this prod 
lem has been provided by the failure 
of certain aircraft parts, apparent! 
due to fretting corrosion. Anti-friction 
bearings subject to rotational oscilla- 
tion and side-thrust vibration expert 
ence the greatest amount of fretting 
corrosion, and such parts as connect 
ing rods, knuckle pins, splined shafts, 
and clamped and bolted flanges sul 
fer deleterious effects. ; 

Glass, quartz, ruby, mica and plat- 
num, in addition to standard metil 
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This is /7 for Stainless Steel Fastenings 
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Qver 7,000 Varieties and Sizes of 
Stainless Fastenings IN STOCK 


Virtually every standard stainless fastening 
you might require is on hand in our stock bins 
and listed in the big, 80-page Anti-Corrosive 
Reference Catalog ... . called by many the 
"Bible of the Stainless Steel Fastening In- 


dustry.” 
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Fingertip Index Makes Items Easy to 
Find; Prices Are Figured INSTANTLY 


Separate sections are devoted to stainless steel 





























machine screws, nuts, caps and bolts, wood and 
































a sheet metal screws, rivets, set screws, washers, pins 
a and nails. In addition, each page shows list prices 
hei for all items and a quantity discount chart which 
makes cost estimating a simple task ! ‘ 
’ 
™ 
fute 
‘ass > 
m 
Supplementary List of Hard-to-Get | 
ns Items IN STOCK; 
nai . . 
ic Special Alloy Section 
of Thousands of odd sizes and varieties in stock , 
fn are found in the supplementary stock list. In " 
of addition, special sections are devoted to q 
type 316 and other special alloys. Other . 
id items can be obtained rapidly through our y, 
r0- special order service. Page. 11 . 
he 
et: OO List 
, Page 17 
en 
a If YOU Use Stainless Steel Fastenings Simply Fill Out the Coupon Below and Mail 
This Catalogue is a MUST for Your Files! Today for Your FREE Copy of This Catalog 
b. Whatever application you have for stainless fastenings, this compre- + oon. Conn caeen peg PRODUCTS CO.. pees aa i, , 


nensive and authoritative reference will save you time, effort and Castleton-on-Hudson, New York 


catalog on stainless steel fastenings. 


1: : oy : SINCE " 
; Anti. orrosive.../7*/ ern rt ite ue ee , 


. Metal Products Co., Inc. haere - Firm. __ aa ee 
Manu‘acturers of STAINLESS STEEL FASTENINGS 
— 2 


CASTLETON ON HUDSON. NEW YORK 


! 
' 
| 
e Se 
spense. Send for your copy NOW! | Please rush my FREE copy of your 80-page reference 
' 
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RUBATEX 


Insulates 
Dry Ice Boxes 





<q CUTS ‘‘DRY-ICE’’ LOSS 
<q K FACTOR 0.21 
<q DOES NOT ABSORB MOISTURE 
<q LESSENS DEADWEIGHT 


These important advantages are ob- 
tained by Pure Carbonic Company, 
Inc., a Division of Air Reduction Com- 
pany, Inc., through the use of RuBaTex 
Insulation Hardboard to insulate **Dry- 
Ice” shipping containers. With Rusa- 
TEX insulation, product loss is mini- 
mized and the deadweight of each box 
is reduced 200 pounds. 


RusaTex Insulation Hardboard does 
not absorb moisture. It has a K factor 








CLOSED CELLS shut out 

+ heat, cold and moisture. 
Photo-micrograph of a 
section of Rusatex Insulation 
Hardboard shows the dense 

. structure of individually 
closed cells which give this 
product its exceptional 
insulating properties. 





of 0.21 which remains constant, thus 
providing maximum efficiency indefi- 
nitely. RuspaTex has good structural 
strength and does not settle. It weighs 
only 4% lbs. per cubic foot and is rot, 
vermin and termite proof. 


If you have a difficult insulation prob- 
lem, Rupatex Insulation Hardboard 
may prove a happy solution. For fur- 
ther information write for Design Data 
Bulletin RBH-1-50. Great American 
Industries, Inc., Rusatex Drtvision, 
BEDFORD, VIRGINIA. 
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alloys, were used as specimens, sing 
their noncorrosiveness would jg; 
cate whether the primary action y, 
physical or chemical. Fretting copy 
sion was induced by a simple x 
paratus which vibrated convex sy 
faces in contact with Stationary fg 


surfaces at frequencies of 60 cyclg 


or less than 1 cycle per sec., an ampli 
tude of 0.001 in., and a load of 0.25 


Removal of Metal 

Microscopic examination of th 
specimens indicated the following 
sults and conclusions: 

1. Fretting corrosion is caused 
the removal of finely divided and ap. 
parently virgin material due to ip. 
herent adhesive forces. 

2. The fretting corrosion of plati. 
num, glass, quartz, ruby and mig 
relegates the role of oxidation as, 
cause to that of a secondary factor 

3. Fretting corrosion readily 0. 
curs between clean non-metals and 
metals. 

4. Initiating of fretting corrosion 
is independent of vibrating motion 
or high sliding speeds. 


Radioactive Tracing 

Another investigation, by John T. 
Burwell, Jr., of MIT, showed tht 
traces of metal worn from the piston 
rings in a gasoline engine actualy 
can be detected forming part of the 
cylinder walls. The method used is 
this research was to make radioactive 
the atoms in one block of matetii 
which is to be rubbed against at 
other. After the two blocks are rubbel 
together, radioactive atoms from tt 
first block show up on the surfac 
of the second, and tests show thit 
they have actually become part of the 
second block. It is believed probable 
that atom transfer takes place in tht 
other direction as well. 

The same transfer effect is observed 
when good lubricants are used be 
tween the blocks, though on a much 
reduced scale. Thus, this method 
might prove useful for evaluating thé 
relative effectiveness of lubricants. 

The radioactive atoms of the cyli 
der wall can be detected with a St 
ger-Muller counter. The amount 0 
radioactivity is indicated more * 
curately, however, by observing 
streaks left on a photographic 
wrapped around the cylinder fot ' 
week or more. In this case the layt 
of transferred metal was less th 
3.0x10™ in. thick. 
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Our 102nd year 
1848-1950 


RERRER ERB E35. 


COPPER 


HUSSEY 


BRASS 


SF 


Cc. G. HUSSEY & COMPANY 


( Division of Copper Range Co. ) 
ROLLING MILLS AND GENERAL OFFICES 


3? of. 
= & 


PITTSBURGH 19, PA. 


3 


7 Convenient Warehouses to serve you promptly! 


PITTSBURGH, 2850 Second Avenue * CLEVELAND, 5318 
St. Clair Avenve + NEW YORK, 140 Sixth Avenue «+ 
CHICAGO, 3900 N. Elston Avenue « ST. LOUIS, 1620 
Delmar Bovievard « PHILADELPHIA, 1632 Fairmount 
Avenue « CINCINNATI, 424 Commercial Square 
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Sheet ... Strip... Coils... 
vel Fabricated Products (Rods... 
Wire ... Tubing... Nails) 
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TUBES 


FOR 
GAS 
ANALYSES 










@ Unsuitable, unprotected iron tubes may nullify 
your gas sampling, introduce serious errors. Vitreosil 
(Vitreous Silica) tubes avoid all danger of contamination. 
They cannot rust. They are indifferent to thermal shock; 
chemically inert, non-porous. When properly protected, 
Vitreosil tubes give long life. May be water-cooled. 










@ The use of Vitreosil for Gas Sampling is fully 
covered in Vitreosil Bulletin No. 3. We will be glad to 


send you a copy; also to answer any specific questions 
you may care to ask us. 


Prices on all Vitreosil tubing 
recently reduced by 20% 


THE THERMAL SYNDICATE, LTD. 
12 East 46th St. . New York 17, N. Y. 








HIGH TENSILE MANGANESE BRONZE 


@ high in strength, toughness and corrosion 
resistance ...... 


@ long time favorite with manufacturers of 
marine fittings ...... 


e leaves sand clean and bright—takes a 
mirror-like finish ...... 


@ recognized as the highest quality manga- 
nese bronze available ..... . 


AJAX METAL C0. PHILADELPHIA 23, PA. 





ASSOCIATE COMPANIES 


AJAX ELECTRIC + AJAX ELECTROTHERMIC CORP. + AJAX ELECTRIC FURNACE 
AJAX ENGINEERING CO 
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Casting Process Improves Fini 


i, new process expected to te, 
in castings of improved quality 
lower cost is under developmen 
this country. 
; Essentially, the foundry proce 
involves use of a new resin-bindg 
which is blended with sand 
applied to the heated pattern, 
resin melts, forming a continy 
coating over the surface. Thus ¢ 
mold consists only of a thin ge 
bonded with resins, and savings of y 
to 90% of the sand ordinarily 
quired are realized. The resin wy 
developed by Bakelite Div. of Unigg 
Carbide & Carbon Corp. 
Primary advantage of the casting 
produced by this method is the 
precision. The casting comes out, 
the mold with clean, sharp edge 
true dimensions and unchilled sy 
faces that require little or no finis 
ing. Tolerances of 0.002 to 0.003 ig 
per in. are claimed to be easily po 
sible. (Ed. mote— MATERIALS § 
METHODS will publish a feature arti 
cle on this new Casting process if 
the near future.) 


' 


Study Shows Factors Influencing 
Formation of Ears in Light Alloys 


Factors affecting the occurrence 
“ears” in the deep-drawing of alu 
minum and its alloys were discuss 
in an article by R. Chevigny, pw 
lished in the British Sheet Metal ls 
dustries (Feb. 1950). Although thett 
is no universal remedy for this d 
fect, it is possible to indicate the di 
rections in which the factors favoring 
formation of ears should be modified 
or controlled. 


Disadvantages of Ears 
Presence of “ears” raises importail 
problems: | 
t. To obtain drawn shells o ! 
given height, a larger roundel 1s © 
quired. | 
2. To bring the work int its find 
form, the ears must be removec 
3. Beading and edge finishing! 
more difficult. 
4. The considerable distortion © 
the metal in the direction of the & 
may cause tearing in that <irectl0 
The author attributes occurrent 
of ears to the presence of an orient 
crystalline structure in the m tal, AD 
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"Tub-Kove’” 


Keller Products , Ine. . 
} , , 
Cleveland. Obio 







NYONE who knows the damage 

caused when water seeps down 
*) the crack between the bathtub and 

' the wall will appreciate this new 
sealing strip made from Geon. It 
effectively seals cracks between wall | 
and bathtub, washbowI, stall shower, 
etc., and thus prevents damage to 
plaster walls and woodwork. And it 
iseasily applied by anyoneinthe home. 

This new sealing strip is extruded 
from a special Geon plastic com- 
pound. It is highly flexible, will not 
craze or crack, and is unaffected by 
water. Because it is made from Geon, 








it will not harden and it will resist 
normal alkali solutions, acids and 
alcohols, and also soaps and deter- 
gents. Using a special cement, it 
adheres to porcelain, wood, clay-tile, 
plastic tile, and other bathroom 
surfaces. 

This typical example of Geon’s 
many uses may give you an idea for 
improving or developing a product. 
Geon polyvinyl materials can be ex- 
truded, compression or injection 
molded. They can be calendered, 
cast into sheets or film, or used as a 
coating. Products of Geon can be 
made resistant to cold, heat, aging, 
weather and wear. Colors can be 
brilliant or subdued, as desired. 

We make no finished products — 
raw materials only. Write for tech- 
nical bulletins or helpful service. 
Address Dept. GM-3, B. F. Goodrich 
Chemical Company, Rose Building, 
Cleveland 15, Ohio. Cable address: 
Goodchemco. 


1IPrPeA LDCS 


TINIVERCITY OF MICHICARI 





~ 


GEON RESINS e GOOD-RITE PLASTICIZERS . .. the ideal team to make products easier, better and more saleable. 


#. *. Goodrich Chemical C 
“ee. <. GOOdFIC emica ORM PAIY es. « coconct: comany 


GEON polyvinyl! materials e HYCAR American rubber e GOOD-RITE chemicals and plasticizers 
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Proved in operation 
for over a year, 


MAIL THIS COUPON TODAY! 
For New Descriptive Literature 
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sence of ears was found to occy ; 
termediately between the formy; 
of ears at 45 deg. to the direction, 
rolling and their formation at 90 
a slight overlay being possible |, 
tween the two structures. 


Influence of Fabrication Methoi 
He found that cold working ¢ 
strain hardening favors the devel 
ment of a structure forming ex; 
45-deg. orientation. Annealing sun 
presses the formation of ears a 
deg. or at 90 deg., depending uy 
annealing temperature. Annealing 4 
blanks or intermediate annealing { 
ors the formation of ears at 90 deg 
the effect of an intermediate anne 
being particularly pronounced. kj 
peated annealing, however, has ; 
appreciable additive effect. 
Impurities, even in small quant 
ties, have a considerable influes 
on the temperatures of incipient : 
crystallization and thus on the e 
with which ears are formed. Expe 
ments have shown that no one pro 
essing technique can reliably assur 
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for all light alloys, the absence of eqgmmrial p' 
in drawing and spinning. oi 
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News of ENGIN@ers i 
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Gordon F. Simons has been appoiatt nim 
director of research of the Berylliulfeonfid 
Corp. W. Thomas Peterson succeeds Mt 
Simons as general sales manager. 


The Ingersoll Steel Div., Borg-Wat LO 
Corp., has promoted C. M. Baker to a 
position of chief engineer of the Ki Repec 
mazoo, Mich. Works. Mr. Baker, ‘0 hat ¢ 
merly assistant chief engineer, suc 
L. C. Freeman, who recently retired. toy Si 


Dr. Carl E. Swartz, division engine 
of the Kellex Corp., has been sais 
chairman of the Metals Research Dept 
the Armour Research Foundation 0 ® 
Illinois, Institute of Technology. He 
ceeds W. E. Mahin, who was recent 
promoted from chairman of meta» 
director of research of the ncatios 
It was also announced that Dr. W## 
R. Osgood has joined the Foundatiot' 


per n 
other 
Occer 


€xtre 


: y } au 

a research engineer. Dr. Osgood, # 
, : oineeril 
thority on the behavior of gineet 
the Na 


materials, previously served wit ; 
. . WUL 

Dept., where he did technical liaison ™ 

between the Navy and its contcactol 


The International Nickel Co., Inc. » 
announced the addition of se‘ cal © 
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PENCER TURBO-COMPRESSORS 


or every Spencer Turbo in service in a list of 62 large indus- Design engineers appreciate the light weight, all-metal 



















ial plants in 1940, there were two more Spencers in serv- construction and the absence of noise and vibration which 
ce on January Ist, 1950. The horse-power of Spencer Turbos enable them to mount the Spencer Turbo on or under ma- 
nthese plants tripled in ten years. chines or overhead and out of the way. Leading furnace and 
Some of these Turbos have been operating satisfactorily oven manufacturers prefer to have the air supplied by 
or more than a quarter of a century and all of them have Spencer Turbos because of their efficiency and reliability. 
e well-known Spencer simplicity and reliability which is Maintenance engineers everywhere appreciate that the wide 
ainly responsible for such an unusual demonstration of clearances, with only two bearings to grease, means long 


onfidence. life with extremely low maintenance costs. 


LOW MAINTENANCE THE APPLICATIONS 


Repeated analyses of repair costs indicate AVERAGE COST Spencer Turbos are made in standard 
FOR REPAIR PARTS capacities from 35 to 20,000 cu. ft., '/3 to 
800 HP and 8 oz. to 10 Ibs. pressure. The 


principle uses are to furnish low pressure 


at the average cost of replacement parts 
for Spencer Turbos is less than one dollar ME. 
Per machine per year. This is merely an- ONE DOLLAR 


air for oil and gas fired Heat Treating 
other proof of the well-known and widely PER MACHINE 


Furnaces, Foundry Cupolas, Agitation of 
accepted fact that Spencer Turbos are PER YEAR Liquids, Gas Boosters, Engine Testing, Ven- 


extremely reliable. 





tilation and Cooling. 


THE SPENCER TURBINE COMPANY * HARTFORD 6, CONNECTICUT 
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SCALE-FREE 


Put Ajax-Northrup forging heaters right be- 
side your forging machines and you'll find 
the same lower overall costs reported by 
other users of this clean, fast heat! Heats in 
seconds—no time for scale to form. You can 
often start with smaller blanks, save tons of 
steel. 20% saved in one Michigan forge shop! 


Die life is longer—scale 
wear is eliminated, and 
automatic timing pre- 
vents overheated dies. 









ry 
A wWwatiauy 
SINCE 28 v 
1916 HEATING & MELTING 








RIGHT AT YOUR ELBOW 


You get greater accuracy, too. In one case, 
a part weighing 24% Ibs. is held within Z 
oz. tolerance on a forging press. 

Power costs are OK, too—in line with other 
fuels. Ajax-Northrup can supply efficient 
forging heaters for practically any heating 
job. 

Think of the savings in steel, time, rejects, 
and better quality that are possible in your 
plant with Ajax-Northrup forging heat, then 
tell us your problem, or write for Bulletin 13. 


120S 


AJAX ELECTROTHERMIC CORPORATION 
AJAX PARK, TRENTON 5, N. J. 
Associate Companies 


THE AJAX METAL COMPANY + AJAX ELECTRIC FURNACE CORPORATION 
AJAX ELECTRIC COMPANY, INC, + AJAX ENGINEERING CORPORATION 








Accuracy of temperature readings 
depends primarily on the accuracy 
of thermocouples at the source of 
heat. You can always depend on 
Thermo Electric Couples to trans- 
mit temperature changes with 
maximum accuracy and respon- 
siveness. 


Our standard wire type and tubular 
thermocouples cover most tempera- 
ture measuring applications. When 
special types are required, our En- 
gineers will gladly help in recom- 
mending the correct design for the 
job. 


accessories. 





Write for our Catalog G which gives complete descrip- 
tions on thermocouples, pyrometers, lead wires and 


ACCURACY 
At Heat Source! 


AAALAALAL 
* 





One of Our Many 
Thermocouples 


Type 5A05D Tubular 
Thermocouple with quick 
coupling connector and 
swivel fitting. 


eymno ELECTRIC CO. 
fo” FAIR LAWN,N.J. 
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bers to its Development & Research Diy 
Robert E. Savage and Ralph w. Whi 
have joined the Magnesium-Containi, 
Cast Iron Section of the Division, The 
will make their headquarters jn y 
York, and will work on the new Duct 
Iron recently announced by the Company 
Mr. Savage was an engineer in the R, 
search Laboratory of the Carnegie-Ilfingj 
Steel Co., and Mr. White superintende 
at the E. W. Bliss Co. George H. Dayj; 
now associated with the Iron & Ny 
Ferrous Casting Section of the Diyisic. 
also located in New York. He was & 
merly an iron foundry melter with 4 
Ohio Steel Foundry Co. 


Dr. James T. Eaton, manager of 
search, has been promoted to the positi 
of director of research of E. F. Houghtg 
& Co. He was also recently elected 
member of the Company's Board of Dj 
rectors. 


Appointment of Wéilliam E. Clark 
general manager of the _ Engineeris 
Works Div. of Dravo Corporation 
his election as a member of the Corpon 
tion’s Executive Committee has been a 
nounced. Mr. Clark was previously gen 
eral manager of the Keystone Sand & 
Supply Co., a pioneer Dravo company 


@ Fr 
6 Ti 


Herman P. Rassbach, former work 
manager of the Midvale Co., has joined 
the Electro Metallurgical Div. of Uniog 
Carbide & Carbon Corp. as metallurgia 
engineer with the Development G: 
He will make his headquarters in 
cago. Ralph A. Clark has been promoted 
from development engineer in the Chi 
cago office of Electro to the position ol 
assistant manager of development in thé 
Detroit territory. He succeeds Wi 
McFerrin, who is now division executit 
vice president of the Corporation's Haynes 
Stellite Div. in Kokomo, Ind. sent: 


Inco 


{ Nie 





Base 


Election of officers of the Riverscoiequi 
Metal Co. occurred recently. They 


clude: president—James T. Duff) 


vice president—Victor Ritchard; sectetaty E 
treasurer—L. G. Carter; and comptrolt(icate 
—H. Leon Bush. Two hew directors wet ¥ 
also named: Lawrence Gubb, unti & 
cently chairman of the board of Phil 
Corp.; and C. E. Dearnley, president am T 
treasurer of Dearnley Bros. Worsted Spi able 
ning Co., Inc. 

John M. Stevenson has joined i ered 
Youngstown Sheet & Tube Co tray 
velopment engineer in its Mill Res F, f 


& Development Dept. For t 
Mr. Stevenson will be locat 
company’s Tulsa, Okla. office, 
will be located in Dallas, Tex 





Bor 
j 


The appointment of Walte 
as vice president and director of resca 
of Christiansen Corp. has been announc™ 
He will be located in the Chicago pla 
Allis 





Chester W. Schweers, manager ° 
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@ Furnace production increased 





rpora 





1 afi 
r gen Y 
oi ae Maintenance costs reduced 


Apany 


@ Tray life increased 


workg 
join 
Union 
gil bile manufacturer gained by switching to fabricated 


These substantial benefits are what a large automo- 


Inconel* pusher furnace trays. 


Chi Previously-used trays weighed from 114 to 198 


pounds each. The fabricated Inconel trays weigh only 


sm Bam 80 pounds...a weight saving 28 to 112 Ibs. per tray. 
Curve 
faynes 


Based on average net load of 400 pounds this repre- 
sents a gross weight saving of 5 to 19% over previous 


equipment. 


Even more important—these lighter-weight fabri- 
cated Inconel trays last longer, with correspondingly 


reduced replacement and maintenance costs. 


This fine performance record is even more remark- 





able when the severity of service conditions are consid- 
| deed. During the heat-treating of automobile parts, the 
a “stays are subjected to temperatures as high as 1650° 


F., followed by oil quenching. 
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Fabricated Inconel pusher trays carrying au- 
tomobile parts through continuous heat-treat- 
ing furnaces. The best life of previously-used 
trays averaged nine months. The fabricated 
Inconel trays have been in use over one year. 


EMBLEM : orsevice The International Nickel Company, Inc. 


Inconel pusher trays 
still going strong on a job that 
licked heavier furnace trays! 


Inconel pusher tray designed and 
fabricated by BROWN -HUTCH- 
INSON IRON WORKS, Detroit, 
Michigan. 


The furnaces, which are gas-fired and non-atmos- 
phere in type, present high-temperature corrosion prob- 
lems. Add to these punishing conditions the consider- 
able mechanical forces acting on the trays... up to 540 
pounds load plus 2000 pounds thrust from the hydrau- 
lic pusher mechanism...and you have service condi- 


tions that demand Inconel plus good fixture design. 


Brown-Hutchinson Iron Works are designers and 
fabricators of these pusher trays. They, like other lead- 
ing fabricators, specify Inconel because of Inconel’s 
outstanding performance record and desirable com- 
bination of physical characteristics ... thermal durabil- 
ity, corrosion-resistance, high hot and cold strength, 


workability, economy. 


For further information about pusher trays made of 
Inconel, write directly to: Brown-Hutchinson Iron Works, 
1831 Clay at G. T.R.R., Detroit, Mich. “Reg. U.S. Pat. Off. 


67 Wall Street, New York 5, N. Y. 


CONEL 1. long life at high temperatures 
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STEEL 
FASTENERS 


Made right... 
Priced right... 
by specialists in stainless! 


See Allmetal first for stock ship- 
ments of stainless machine, set, 
self-tapping, wood screws, nuts, bolts, 
pins, washers, rivets, including Govern- 
ment and “AN” specs. Prompt delivery 

on various types of Phillips Recessed Head 


Screws and specials, too. WRITE FOR CATALOG 49E 
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33 GREENE STREET. NEW YORK i13.N. Y. 
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RE-SOLVES 
DESIGN and 
FABRICATION 

PROBLEMS 


IMMEDIATE CAPACITY AVAILABLE 


C cuslite facilities for sheet metal working and spinning of all metals — 
including stainless steel — are available at Teiner. Blanks ranging in diameter 
from up to 16 feet to the size of a thimble may be spun to meet tolerances 
formerly limited to other methods. Designs regularly 
in production at Teiner include stainless steel shrouds, 
aluminum reflectors, metal hemispheres, guards, baffles, 
parabolic shapes, flanged and dished heads. Estimates 
prepared promptly from your samples or drawings — 
consult Teiner and save time and money. 





METAL SPINNING And ENGINEERED PRODUCTS 


134 TREMONT STREET, EVERETT 49, MASSACHUSETTS. Tel. EVerett 7-7800 
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Chalmers’ Los Angeles district, has }, 
named manager of the company’s 
England region, with headquarters 
Boston. He succeeds W. F. Taylor 
resigned. 


The new president of Fairbanks, Moy 
& Co. is Robert H. Morse, Jr., gtandg 
of the founder of the Company. 
Morse, previously vice president in cha, 
of operations, succeeds his father, Colog 
Robert H. Morse, who became chair 
of the board. 


The appointment of H. H. Morgen 
general manager of the Robert W. 4 
Co. has been announced. He wil] q 
tinue as vice president and chief enging 


William F. Aylard recently was y 
moted to the position of chief engineer 
Chase Brass & Copper Co., Inc. Me 
C. Harris, formerly vice president 
charge of operations of the Alleghe 
Ludlum Steel Corp., succeeds Mr, Ay 
as works manager of the Cleveland 
mills of Chase. 


The retirement of Dr. Nathaniel 
Loomis, widely known in the field 
petroleum research, after 32 years { 
service with affiliates of Standard Oil 
(New Jersey) has just been announce 
Eric W. Luster, manager of the Esso fi 
gineering Dept., succeeds Dr. Loomis 
vice president and a member of the bow 
of directors, 


’ 1) 


George H. Tulley has been promot 
to the position of manager of the Cie 
land office of Metals Disintegrating G 
Inc. He will also retain his position! 
the company as powder sales supervis 


The Baker Industrial Truck Div. of t 
Baker-Raulang Co. has announced 
election of Robert H. Davies as 
president and acting general mang 
and Edward H. Remde as vice presided 


Dr. John K. Gustafson, former manag 
of the United States Atomic Energy Coot 
mission’s Raw Materials Operations oli 
has accepted an appointment to 
Atomic Energy Commission Advis 
Committee on Raw Materials. Dr. Gust 
son is at present consulting geologist ¢ 
the M. A. Hanna Co. 


The General Electric Medical Produit 
Co. has named Edward W. Philleo Ww 
president and general manager. He ¥ 
manager of the California District { 
General Electric X-Ray Corp., parent ° 
ganization. 


William L. Batt, president of SKF # 
dustries, Inc., has been elected a ciisn 
of American Standards Assn. 


Reynolds Metals Co. has annout 
two appointments to its Alum:1um Ds 
F. F. Tiffany, district manage: o \ 
Company's Dayton, Ohio office, has ™ 
over the duties of division m.nagt ' 


the Pittsburgh area. And T. D. Lm 
MATERIALS & ME!HO? 
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Bw may be saving money by machining parts like those 
, Ot 

ed qgeown here from ordinary mechanical tubing instead of 


‘ "liom bar stock or forgings. But with lighter close-toler- 


anage 


csidelmmance Rockrite Tubing, cost-saving possibilities are still 
tater! Here’s why: 
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Rockrite Tubing is sized by a distinctively different 
process to much closer tolerances than are practic- 
able by any other method. 
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Machine output has been doubled and machining 
costs cut in half when Rockrite was substituted for 
standard mechanical tubing. 
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LEADS ALL OTHERS 
IN THESE SAVINGS 


* Higher cutting speeds 
* Tools last longer between grinds 
° Work-surface finishes are better 


* Stations on automatics are often 
released for additional operations 


° Extra-long pieces available — less 
downtime for magazine stocking and 
fewer scrap ends 


* Closer tolerances often eliminate ne- 
cessity for machining on outside or 
inside 


WANT TO KNOW THE 3 REQUIREMENTS 
ESSENTIAL FOR TUBE ACCURACY AND 
COST SAVINGS? Send for new Bulletin being 
prepared on “behind-the-scenes” facts on close- 


tolerance Rockrite Tubing. TR-114 


“fM@UBE REDUCING CORPORATION - WALLINGTON, NEW JERSEY 


155 








a) 


~ee@ a ae 


iter. tant?. a a 


a r= F 


rN oot se 


wrmyrse-sY 











-- CONSIDER 
CARBON 






one of the 
world’s oldest 
materials 


You want your product 
to be right—cost-wise, competitively, 
consumer-wise. 


To make it that way, you investigate 
every material, every method, every 
production short-cut. 


Here are some of the combinations 
of properties offered by carbon and 
graphite...low or high heat transfer 
... electrical conductivity ...not wet 
by molten metal...will not warp... 
ease of fabrication... corrosion resist- 
ant...thermal shock resistant. You 
may find that carbon or graphite com- 
ponents—molded, extruded or machined 
—one answer to your problem. 


At Speer you will always find a 
dependable source of supply for carbon 
and graphite, plus fifty years of Speer 
experience and engineering know-how. 
Why not consult Speer today? No 
obligation. 








CARBON COMPANY 
ST. MARYS, PENNA. 


@ 6636 
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News Digest 


sales representative in the San Francisco 
area, is now division manager of the 
Atlanta office. 


F. M. Gillies has resigned as works 
manager of the Indiana Harbor plant of 
the Inland Steel Co., and A. P. Miller, 
general superintendent of the plant, has 
been transferred to inactive status under 
the company’s retirement plan. F. M. 
Rich, who has been vice president of the 
Kaiser Steel Corp. in charge of operations 
at Fontana, Calif., assumes Mr. Miller's 
position as general superintendent. 


The election of Captain Alfred F. 
Olivet, USNR, and John P. Ahrens as 
directors of the American Cladmetals Co. 
has been announced. 


Leo B. Glaser has just been named 
manager of the newly-formed Neg’ator 
Div. of the Hunter Spring Co. 





Walford H. Plant, president and gen- 
eral manager of Brazaco, S.A., died in 
Sao Paulo following an operation. Mr. 
Plant had been associated with Brazaco, 
S.A., general distributor in Brazil for 
United States Steel Export Co., a sub- 
sidiary of United States Steel Co., for 35 
years. 

The death of Frank A. Luebbe, vice 
president and general sales manager of 
Nichols Wire & Aluminum Co., has been 
announced. Mr. Luebbe was a _ widely 
known sales executive in the steel industry 
and later in the aluminum industry. 


The Bureau of Mines has announced 
the death of Charles W. Davis, chief of 
the Boulder City, Nev. branch of the 
Bureau's Metallurgical Div. Mr. Davis 
served with the Bureau for 34 years. 


News of 


Companies 





United Chromium, Inc. has erected 
new and larger research laboratories at 
1700 E. Nine Mile Rd., Ferndale Station, 
Detroit 20, Mich. 


A new office has been established by 
the Bjorksten Research Laboratories at 
50 E. 4lst St., New York City. The 
Chicago will continue operations 
under the direction of Dr. Edwin L. 
Gustus, vice president. Dr. Johan Bjork- 
sten, president, will divide his time be- 
tween the New York office and the re- 
search laboratories of the Corporation in 


Madison, Wis. 


Carboloy Co., Inc., Detroit, Mich., has 
announced the appointment of the Erie 


office 


























































Here is another example in SAE 46)5 
steel of how high costs and machi 
ing difficulties can be easily ove 
come by Precision Investment Cast 


ing. 


Note the machining difficulties , 
the uneven cross-sections, the milling 
and forming operations that are nec- 
essary as a fully machined part. 


How simple it is to take a Precision 
Casting, make a couple of light fir. 
ishing cuts and heat treat. 


Have you a problem where we cat 
help you? 


Please use the coupon. 


GRAY-SYRACUS 
Tats 


107 N. Franklin St. Syracuse 4, i Y 


Small precision castings of ferru 
and non-ferrous alloys. 


| GRAY-SYRACUSE, INC. 
| 107 N. Franklin Street 
| Syracuse 4, N.Y. Dept. “A” 


Please send me literature on Precisio" 
| Investment Castings. 
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& THERMIT CORPORATION 


100 EAST 42nd STREET +. NEW YORK 17, N.Y. 


= MAY 


1950 


Newark 
Philadelphia 
Pittsburgh 
Cleveland 

E. Chicago, Ind. 
Minneapolis 

So. San Francisco 


Murex Type FHP Elec- 
trodes play an impor- 
tant role in maintaining 
the high standards of 
welding set by The 
Pfaudler Co., manufac- 
turers of glass lined and 
alloy processing equipment. This outstand- 
ing downhand electrode deposits weld metal 
of superior quality, and, at the same time 
is fast and easy to use. 


Leading fabricators in many industries 


standardize on Murex — either to obtain 
better welding, or to achieve more econ- 
omical production. Investigate Murex per- 
formance. Write for descriptive literature. 


































































eastern Ohio. Coincident to this , 
Bliss is closing its sales office jp p 
burgh. George Vassily, sales engine: 
the Bliss Pittsburgh office, has joing 
Steel City sales engineering staff and | 
continue to service Bliss Customers j 
this capacity. 


News Digest 


All manufacturing and admipig, 
activities of the Marvel-Schebley ¢. 
buretor Div. of Borg-Warner Corp., ny 
located in Flint, Mich., will be transfer 
to Decatur, Ill. in the late summer ; 
early fall of this year. | 


Manufacturing & Supply Corp., Erie, Pa., 
as an authorized distributor for Erie and 
the Northwestern Pennsylvania territory. 
Another appointment was that of Tools 
& Supplies, Inc., St. Louis 3, Mo., as an The Federal Machine & Welder 
authorized distributor for the St. Louis Warren, Ohio, has announced the , 
area. pointment of Awustin-Hastings Co, | 


Cambridge, Mass., as district represen 
The offices and factory of the Soreng tives for the states of Maine, Vermoy 


Manufacturing Corp. has been moved to ' 
9555 W. Eden Ave., Schiller Park, Ill. no) See 


Establishment of an office in Paris, 
France by Southwest Research Institute, 
San Antonio, Tex., and its affiliated 
scientific organizations to facilitate han- 
dling of work for European companies 
and individuals has been announced. The 
Paris office, directed by Servan G. Canta- 
cuzene, research engineer, is the fourth 
to be established by the Texas industrial 
research laboratories. 


Three annual scholarships, which coy 
all expenses for complete four-year co 
in specified branches of engineering, ag 
available at the Michigan College ¢ 
Mining & Technology. The Calumet ¢ 
Hecla Consolidated Copper Co., Calume 
Mich., offers a scholarship in either mip. 
ing or metallurgical engineering. Tye 
Montreal Mining Co., Montreal, Wis, 
makes a grant for study in mining «& 





























| E. W. Bliss Co., Toledo, Ohio, an- gineering. And the Lake Shore Engine. 

| mounces the appointment of the Steel City ing Co., Iron Mountain, Mich., provilg 

| Tool & Machinery Co., Inc., Pittsburgh a scholarship in either mechanical y 

+ 19, Pa., as sales representative for Bliss | electrical engineering. All three of thee 

dD. A. STUART $ mechanical and hydraulic presses in por- | awards limit eligibility to the geographi- 
tions of Western Pennsylvania and South- | cal area in which the individual compay 


Levee 


Reduces Cost of 
Machining Spindle 
Gears by 50% 
ROTATING barbed spindles 
in the International Harvester 
cotton picker are the mechan- 
ical “fingers” which pluck 

cotton in modern fields. 

In cutting SAE 8640 gears 
for these spindles on Gleason 
Revacycles, a dilution of 
Stuart’s THREDKUT 99 re- 
duced oil costs by 50%. 


On the spindle broaching 
operation, done prior to 
barbing, this same Stuart 
product is performing with 
excellent results. The spindles 
are C1117 steel, hardness 83 
on the Rockwell B scale. 


On standard or special 
Operations you will find that 
Stuart cutting fluids plus 
Stuart service are the combi- 
nation that will reduce your 
costs. Ask for literature. 








SPECIFY ves 


Specially engineered fasteners 
RK. 
Ba « 
Cr ! 
e / 
— bee 


Hassall cold-headed fasteners can improve your products and oC MS ya 














save you money, even on short runs. Send us your specifications 
for your nails, rivets and screws...in diameters from 1/32” to 
3/8”... lengths up to 7”...in any workable metal...in prac- 
our 85th * tically any finish. Your inquiry will be handled promptly. y | 
Anniversary * Ask for free catalog. : 
Year! 162 Clay Street Hassqj | 


JOHN HASSALL INC, gprookiyn 22, New York "S81 


DA. Stuart il CO. 


2745 S. Troy St., Chicago 23, Ill. 
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DIRECT-10-YO 


1) SHIPMENTS OF BRONZE 


BAR STOCK CUT BEARING COSTS! 


Stocks of N-B-M ‘Tiger’ 
delivery of the ba 


National Bearing Division has an- 


nounced a new direct-shipment policy 


on ‘Tiger’ Bronze Bar Stock—@ 


policy designed to substantially reduce 
costs of bearings, used for plant main- 
tenance or on production lines. 


Stocks have been conveniently 
“spotted” to assure fast delivery. All 
s in 13” lengths are avail- 


popular size 
r machined cored and 


able—as-cast 0 
solids, or as-cast hexagons- 


Product Designers and Plant Engi- 


r size you want, 


' Bronze now located for fast 


when you want it. 


neers with an eye on bearing costs are 


urged to get the complete facts. 


Inquiries receive prompt attention. 


“TIGER” BRONZE... the ONE Bronze Alloy 
with ALL these features for longer bearing 
service at lower Cost. -- 


WEAR-RESISTANT—Has correct balance be- 


tween bronze matrix and lead. Lasts longer. 


ANTI-FRICTIONAL—Low coefficient of fric- 
tion helps prevent shaft seizure. Saves power. 


SHOCK-RESISTANT, —EMBEDDABLE—Hard 
enough to stand up under heavy bearing 
loads. Soft enough to embed foreign ma- 


terial. Protects the shaft. 


EASY TO MACHINE— W ith speeds as high 
as 3000 F.P.M. Saves time. 


USE THIS COUP 

and new bulleti — —for price quotations by return i 

operati = ee complete FACTS on physical seg 
ing characteristics, bar types et gat ysical properties, 


Please send me i 
rr your new C : ; 
on “Tiger” Bronze: ored and Solid Bar Bulletin and prices 


Company 








NATIONAL BEARING DIVISION 


4929 Manchester Avenue « St. Louis 10, Mo 


COMPANY 


PLANTS IN 
: $T. LOUIS, MO 
_ @ MEADVILLE, PA. © NILES, OHIO © PORTSMOUTH, VA. ¢ ST. PAUL, M 
, VA. : , MINN. ¢ CHICAGO, ILL 
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I orgme wees Bettimacege: 


& DESIGN PROBLEMS 


PLAGUE ALL OF US 





To serve well, a machine 
part—even when made 
of good steel, properly 
treated—must be prop- 
erly designed. 


A new 72 page booklet, 
sent free on request, dis- 
cusses the vital relation 
between design, good 
steel and its satisfactory 
treatment. 


Climax Molybdenum Company 


500 Fifth Avenue 4 
NewYorkCity 4 2 








Please send your 
FREE BOOKLET 4 
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News Digest 





operates. None, however, has strings at- 


tached concerning employment after grad- 
uation. 


News of Socjeties 





The International Acetylene Assoctation 
elected the following officers during its 
recent annual convention: president— 
Claude E. Monlux, vice president, The 
Linde Air Products Co.; vice president— 
James W. Dunham, vice president, Na- 
tional Cylinder Gas Co.; re-elected sec- 
retary and treasurer, respectively—H. F. 
Reinhard; and E. V. David, assistant 
manager, Technical Sales Div., Air Re- 
duction Sales Co. 


Dr. Paul Schwarzkopf, president of the 
American Electro Metal Corp., was the 
recipient recently of the medal awarded 
annually by Stevens Institute of Tech- 
nology for outstanding achievement in 
the field of powder metallurgy. 





The Steel Founders’ Society of Americ 
re-elected Thomas H. Shartle, Presiden 
of the Texas Electric Steel C-. Sting Cy 
as president of the Society. Elected as vig 
president was J. E. Mullen, vice preside, 
of the National Erie Corp.; and 4s m 
tional director and member of the thre. 
man executive committee of the Socier 
G. Rhoads Casey, president and gene, 
manager of the Treadwell Engineering 
Co. National medal awards were 4), 
presented at the Society's annual Meeting 
A. J. McDonald, vice president of Ame. 
ican Steel Foundries, received the {, 
ciety’s top award, the Lorenz Memori,| 
Gold Medal, in commemoration of oy. 
standing service to the industry. John F 
Lacey, works manager of the Commerc,| 
Steel Casting Co., was the recipient of 
the Society's Technical and Operating 
Medal for 1949. And S. F. Carter, assis 
tant melting superintendent of the Amer. 
ican Cast Iron Pipe Co., was presented 
with the annual Steel Foundry Facts prix 
award, for excellence of material pub. 
lished in the Society's technical periodical 


Robert H. Brown, chief of chemical 
metallurgy at the Research Laboratories 
of the Aluminum Co. of America, ha 
been chosen by the National Association 
of Corrosion Engineers to receive the 
Whitney Award for 1950, in recognition 
of his outstanding contributions to the 
science of corrosion. The Whitney Award 
is international in scope, and is one o 
the highest honors in the field of cor 
rosion engineering. 


(More News on page 166) 
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Iron @ Steel 


orrosion-Resisting Steel. Bethlehem Steel 
9. 52 pages, illustrated, No. 259. Com- 
prehensive discussion of properties and 
characteristics of Mayari R, a low-alloy steel 
for applications requiring light weight, high 
srength and increased corrosion resistance. 
Also contains design data and application 
information. (1) 


Alloy Steels. Carpenter Steel Co., 14 pages. 
Describes properties and fabricating char- 
acteristics of two chromium-nickel grades, 
Carpenter No. 158 and 5-317, which can be 
used for all applications requiring alloy 
steels. (2) 


Steel Design. Climax Molybdenum Co., 72 
pages. Reviewed previously. Booklet en- 
titled “3 Keys to Satisfaction” tells how to 
combine good design, high quality steel and 
proper treatment for best results. (3) 


Tool Steel Selector. Crucible Steel Co. of 
America. Circular, 9-in. dia. selector picks 
out correct tool steel for given applications 
and gives information on proper heat treat- 
ment. (4) 


High-Strength, Low-Alloy Steel. Jones & 
laughlin Steel Corp., 32 pages, illustrated. 
Complete technical data on Otiscoloy, a 
high-strength, low-alloy steel widely used in 
the transportation industry. Many applica- 
tions pictured. (5) 


Machining Stainless Steels. Joslyn Manufac- 
turing & Supply Co., 4 pages. Table lists 
fccommended machining rates for various 
fabricating operations on the different 


grades of stainless steel. Also general in- 
formation on machining characteristics of 
stainless, (6) 


Steel Bars. La Salle Steel Co. Reviewed pre- 
viously. How Stressproof cold-finished car- 
bon steel bar cuts costs because of its 
‘ttength, machinability, wearability and 
Minimum w arpage. (7) 


Two Alloy Steels. Joseph T. Ryerson & Son, 
Inc., 4 pages. Engineering data on two alloy 
steels, Rycrome and Nikrome “M”, supplied 
in heat treated condition for heavy-duty 
axles and shafts, gears and pinions, studs 
and bolis, ete, (8) 


MAY, 1950 


ANUFACTURERS® LITERATURE 


\/ Steel Stock List. U. S. Steel Supply Co., 208 


S. La Salle St.. Chicago 4, Ill. 1950-51 Stock 
List & Reference Book lists readily available 
stocks of steel, aluminum, tools and ma- 
chinery, and provides facilities for compu- 
tation of up-to-minute prices. Free when 
requested from U. S. Steel Supply Co. on 
company letterhead. 


Nonferrous Metals 


Aluminum Bronze. Ampco Metal, Inc. Com- 
plete catalog of aluminum bronze alloys, 
including physical properties. Rolled sheet 
and plate, sand and centrifugal castings, 
forgings, extrusions, welding electrodes, etc. 

(9) 


Beryllium Copper. The Beryllium Corp., 4 
pages, No. 13. How to order beryllium 
copper rod, bar and wire. Describes alloy, 
condition and temper, and gives mill sizes 
and mechanical and electrical properties. 
(10) 


Special Nonferrous Alloys. Driver-Harris Co., 
4 pages, illustrated, D-H Alloy Craftsman, 
Vol. 10, No. 1. Pictures and describes 
variety of actual applications for strip and 
wire of nickel, Inconel, Monel and Ni- 
chrome alloys furnished by this company. 

(11) 


High-Strength Alloys. Haynes Stellite Div., 
Union Carbide & Carbon Corp., 40 pages, 
illustrated. Describes the four Hastelloy 
high-strength, nickel-base, corrosion-resis- 
tant alloys. Gives mechanical properties, cor- 
rosion resistance, available forms and fab- 
rication procedures. (12) 


Bronze Bars. National Bearing Div. of Amer- 
ican Brake Shoe Co., 6 pages, illustrated. 
Reviewed previously. Catalog gives sizes 
and approximate weights of as-cast and ma- 
chined cored and solid bars of N-B-M 
“Tiger” Bronze. Properties and advantages 
cited. (13) 


New Metals. Tempil Corp., 1 page, Tempz/ 
Topics, Vol. 5, No. 2. Brief discussion of 
new engineering metals—molybdenum, ti- 
tanium and zirconium—and tabular com- 





To obtain literature appearing on these 
pages, please refer to easy-to-use reply 
card on page 163. 

















parison of their properties with those of 
older metals and alloys. (14) 


Brass Price Calculator. Volco Brass & Copper 
Co., Kenilworth, N. J. Slide-window type 
calculator shows prices of principal copper 
alloys in strip and wire of various gages. 
Free to executives when requested from 
Volco on company letterhead. 


Nonmetallic Materials 


Ceramics. American Lava Corp., 4 pages, 
illustrated, No. 501. Table of mechanical 
and electrical properties of 17 AlSiMag 
ceramics. (15) 


Polystyrene Plastic. American Molding Pow- 
der & Chemical Corp., 4 pages, illustrated. 
Properties of Ampacet polystyrene molding 
powder. Describes standard and _ special 
colors available. (16) 


Molding Compounds, Bonding Resins. The 
Borden Co., Chemical Div., 8 pages, illus- 
trated. Advantages and applications of 
Durite phenolic thermosetting molding 
compounds, industrial bonding resins and 
cements. (17) 


Plywood. Douglas Fir Plywood Assn., 32 
pages, illustrated. Series of articles show 
how to use plywood effectively in fixtures, 
displays, posters and signs. (18) 


Plastics. E. I. du Pont de Nemours & Co. 
(Inc.), Polychemicals Dept., 12 pages, il- 
lustrated. Working techniques, properties 
and uses of plastics made from Polythene, 
Nylon, Teflon, Lucite and other molding 
powders. Also extensive table of mechanical, 
electrical, thermal and optical properties. 


(19) 


Resins. Goodyear Tire & Rubber Co., Inc., 
Chemical Div., 12 pages, Techni-Guide No. 
PV-1. Complete technical data on three 
Pliovic vinyl chloride copolymers. Informa- 
tion on plasticizers, stabilizers, fillers, colors, 
release agents, processing methods and ap- 
plications. Suppliers listed. (20) 


Plastic Laminates. Owens-Corning Fiberglas 
Corp., 36 pages, illustrated. Properties and 
uses of laminates and plastics parts made 
with Fiberglas reinforcements. Also data on 
Fiberglas-base electrical insulating materials. 

(21) 


Resins, Plasticizers. Rohm & Haas Co., 
Resinous Products Div., 4 pages. Recent 
news on use of this company’s resins and 
plasticizers for coatings and plastic products. 

(22) 
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Parts @ Forms 


Aluminum Die Castings Design. Aluminum 
Co. of America, Pittsburgh 19, Pa., 189 
pages, illustrated. Price $1.00. Aimed at 
buyer of light-metal die castings. Data on 
die casting process and equipment, alloys 
used, design rules, and finishing and ma- 
chining considerations. Requests should be 
sent directly to the Aluminum Co. 


Mechanical Tubing. Babcock & Wilcox Tube 
Co., 4 pages, illustrated, No. TB-324. Ad- 
vantages of this company’s mechanical tub- 
ing for structural parts. Lists available types, 
steel analyses, sizes, surface finishes, con- 
ditions and shapes. (23) 


Stainless Tubing. Carpenter Steel Co., Alloy 
Tube Div., 4 pages, illustrated. Physical 
properties, corrosion resistance and available 
sizes of this company’s stainless steel tubing. 


(24) 


Wire Gage Chart. Central Steel & Wire Co., 
3000 W. 51 St., Chicago 80. Wall-type 
gage chart for ferrous and nonferrous flat 
rolled wire. Free when requested from 
Central on company letterhead. 


Threaded Part Design. Eastern Machine 
Screw Corp., 4 pages, illustrated, Die Head- 
lines, Vol. 3, No. 7. Contains cost-reducing 
suggestions on design of threaded parts. 
Also gives selection table for thread sizes. 

(25) 


Glass Pipe, Fittings. Fisher & Porter Co., 4 
pages, illustrated, No. 94. Advantages of 
glass pipe and fittings for corrosive fluids. 
Specifications given. (26) 


Ceramic Parts. General Ceramics & Steatite 
Corp., 12 pages, illustrated, No. CHE-R3. 
Describes types of standard ceramic fittings 
available, and indicates this company’s fa- 
cilities for supplying custom engineered 
parts and assemblies. (27) 


Precision Castings. Gray-Syracuse, Inc., 4 
pages, illustrated. Reviewed previously. 
Shows various small parts precision-cast of 
brass, bronze, beryllium, copper, and carbon, 
stainless, tool and high-temperature steels. 

(28) 
Molded Plastics. The Grigoleit Co. Folder 
describes this company’s facilities for pro- 
ducing molded plastics. Includes designing, 
engineering, tooling, molding and finishing. 


(29) 


Springs. Hunter Spring Co., 4 pages, illus- 
trated. Detailed description of this com- 
pany’s facilities for producing wide variety 
of extension, compression and _ torsion 
springs and wire forms. (30) 


Stainless Steel Castings. Lebanon Steel 
Foundry, 4 pages. Reference chart on desig- 
nations, analyses, physical properties and 
heat treatments for 18 stainless, corrosion- 
and heat-resistant alloy steels cast by this 
company. (31) 
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Forgings and Pressings. Lenape Hydraulic 
Pressing & Forging Co., 60 pages, illus- 
trated, No. 9-49. Catalog of welding necks, 
manways, curved nozzles and pads and 
miscellaneous forged and press-formed parts. 

(32) 


Plastic Moldings. Loma Plastics, Inc., 4 
pages, illustrated. Shows typical parts pro- 
duced on order as plastic moldings and 
describes this company’s facilities for such 


work. (33) 


Iron Castings. Meehanite Metal Corp., 4 
pages, illustrated, No. 32. Reviewed pre- 
viously. Detailed tabular summary of physi- 
cal properties of Meehanite high quality 
gtay iron castings. (34) 


Carbon Products. Morganite, Inc., 8 pages, 
illustrated, No. If. Reviewed previously. 
Specifications of various types of carbon 
bearings and bushings. Also lists properties 
and general characteristics of the six dif- 
ferent series of Morganite carbon products. 


(35) 


Zinc Alloy Die Castings. New Jersey Zinc 
Co., 28 pages, illustrated. Principal features 
of Zamak-3 and Zamak-5 zinc alloy die 
castings, their method of production, and 
typical applications. (36) 


Plastic Ring Gaskets. Plastic Engineering & 
Sales Corp., illustrated. Folder describes 
nature and applications of Pesco plastic ring 
seal gaskets, molded from Fiberglas and 
special synthetic resins. (37) 


Plastics Fabrication. Regal Plastic Co., 8 
pages, illustrated. Pictures typical plastic 
parts engineered and fabricated by this 
company on order. (38) 


Aluminum Parts, Assemblies. Reynolds Metals 
Co., Industrial Parts Div. Reviewed pre- 
viously. Discusses complete aluminum fab- 
rication service which supplies parts and 
assemblies to many production lines. In- 
formation on plants, and type and range of 
equipment and services available. (39) 


Plastics Forms. Rogers Corp., 12 pages, illus- 
trated. Catalog of materials and services 
available. Two molding compound series 
described. Forms include molding boards, 
laminated sheets and punchings, and pre- 
shaped preforms. (40) 


Roll-Formed Shapes. Roll Formed Products 
Co., 8 pages, illustrated. Describes facilities 
for engineering and producing roll formed 
shapes from ferrous and nonferrous alloys. 


(41) 


Steel Casting Design. Steel Founders’ So- 
ciety of America, 7 pages, illustrated. Dis- 
cusses fundamentals of steel casting design 
and evaluates steel castings in comparison 
with weldments, forgings and riveted as- 
semblies. (42) 


Extruded Shapes. Titan Metal Manufacturing 





Co., 4 pages, illustrated. Chemical com 
position and physical properties of brass 
and bronzes extruded by this compan 
Typical parts and forms shown. (43) 


Powdered Metal Parts. The Wel-Met ¢, 4 
pages, illustrated, No. 103. Case histori 
for 25 different machine parts fabricated 

this company from metal powders. Gives 
material, former fabrication method and 
advantages gained by change. (44) 


Coatings @ Finishes 


Colloidal Graphite. Acheson Colloids Corp, 
4 pages, illustrated, No. 432. Describes use 
of colloidal graphite for coatings on glass, 
ceramics and metals for electronic appliq. 
tions. (45) 


Chemical Analysis of Finishes. Azed, Inc., 1g 
pages. Detailed procedures for chemical 
analysis of this company’s products for pro. 
tecting and decorating zinc or steel surfaces, 

(46) 
Aluminum Coating. Bisonite Co., Inc., 1 page, 
Advantages of BiChem “R,” an aluminum 
coating for metals suitable for production 
line handling. (47) 


Finishes. Brooklyn Varnish Manufacturing 
Co., Inc., 4 pages, illustrated, The Coating 
Corner, Vol. 3, No. 2. Discusses applications 
of Tuf-On finishes in various fields, and 
compares performance with that of other 
finishes. (48) 


Rhodium. Sigmund Cohn Manufacturing Co, 
4 pages. Discusses general properties of 
rhodium and its usefulness as an electroplate 
resulting from whiteness, hardness, high 
reflectivity and corrosion resistance. (49) 


Protective Coatings. Corrosice Corp., 5 pages. 
Advantages and applications of Corrosite 
protective coatings for metals, with detailed 
instructions on use. Also included are 
sample color panels and product endorse 
ments. (50) 


Chromium Chemicals. Diamond Alkali ©, 
300 Union Commerce Bldg., Cleveland 14, 
Ohio, 32 pages. Includes discussion of bi 
chromate solutions as “red dip” treatment 
for brass and other copper-base alloys, and 
as cofrosion-resistant treatment of mag 
nesium, tin plate and aluminum. Free when 
requested from Diamond Alkali on company 
letterhead. 


Inorganic Colors. Ferro Enamel Corp., 28 
pages, illustrated. Folder describes large 
variety of pigments available for plastic, 
rubber, lacquers, enamels, paints, etc. Color 
selection table included. (51) 


Wrinkle Finishes. New Wrinkle, Inc., illus- 
trated. Reviewed previously. Folder showing 
typical products utilizing Wrinkle = 


Enamels. The Sherwin-Williams Co, 1 
pages plus samples. Describes Dimens0 
enamels and their application. Also contains 
sample color panels and transparencies © 
typical products, making it possible to t 
the appearance of the various enamels. 


(53) 
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you’d like 





tP, 

Use * 
to know about tubing? 
ica. 
45) 
F sé | 
ical | 
>T0- ‘ F 
m T’s hard to keep up with the latest developments 
6) I in tubing, they come so fast. New steels are 9 
age being produced or new uses are being found for c 
um the old stand-by analyses that have given years 
ion of proved service. So it pays to be sure that you ' 
7) have the very latest information that will enable o 
ing you to select the tubing that is best and most eco- 0 
ing nomical for your particular job. Le 
ons We can give you that information. Because in ~ 
and our 60 years as the world’s largest manufacturer . 
“ of tubular products, National Tube Company has C 

built up a file of case histories that is probably un- bey 

Co, , eons Me 

equalled anywhere. And there’s a good chance that K. 
A. a problem which plagues you has been encountered S 
ich by us before .. . and solved. 
49) One of the reasons for this confidence on our ~ 
- part is the fact that we don’t produce tubing in G 
cite just one or two steel analyses. On the contrary, "si 
iled National Tube manufactures seamless pipe and 
are tubing in a complete range of steel analyses from , 
tse: low carbon, through the alloys on up to and in- r 
50) cluding the stainless steels. In addition, the widest . 
Co, range of sizes and wall thicknesses are available - 
14, for every mechanical and pressure purpose. ‘he 
bs. If you have a tubing problem, take advantage of 
oa our specialized knowledge. We'll recommend tub- 
a ing that, at the lowest possible price, will do the 
hen . best job for you, 
any ; 








SLO LILLE. LEI LOLI LILLIE NDELIL SE III! SDE DIP LES IEE LE. 


NATIONAL TUBE COMPANY, PITTSBURGH, PA. a ow coud 


(Tubing Specialties Division) 
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Resistant 


KENTANIUM 


Remarkable New Titanium Alloy that resists 
thermal shock, withstands oxidation, and 
retains great strength at high temperatures 


Kentanium, an outstanding advance- 
ment in heat-resistant alloys, has the 
unique ability to resist oxidation, 
withstand abrasion, and retain great 
strength at intermittent or continu- 
ous high temperatures. 


It is made in several different com- 
positions, each having a specific 
combination of properties that meet 
a particular operating condition. The 
range of these properties is suggested 
in the table at the right. The proper 
composition for any specific applica- 
tion is determined by an analysis of 
the conditions under which it will 
be used. 


Kentanium provides higher 
strength and resistance to oxidation 
than cast alloys at 1800°F, and above; 
and greater thermal shock resistance 
than ceramics. Typical uses are listed 
at the right. Our engineers are at 
your service to help you apply this 
new metal to your needs. Write, 
outlining your problem. 





Characteristics 
| Property Range 
| Specific Gravity GMS ‘cc 5.4—6.0 
| Thermal Conductivity 075—.085 
cal/sec/°C./ cm ; oy 
Electrical Conductivity 19-50 





Y, of Copper Standard rc . 
| Coeff. of Thermal Expansion 











x10-6/°F.up 10 1200°F, | 4:°—5-9 


Rockwell A Hardness 87.5—93.0 | 
Modulus of Rupture| F°°" | 112—190 | 
é Temp. 
1000 psi | 1800°F. 100 
| Young’ s Mod. of Elasticity 
1,000,000 psi | 31.2— 397.3 
| Compressive Strength | 
ns 1000 psi mo 550 


Typical Useful 11 Applications 3 


‘@ Hot spinning tools for steel tubing _ 

. Thermocouple protection Mbes for mol 
ten metal 

® Valve seats for internal combustion 
engines 

e@ Special high temperature. resistance 
heating elements 

- Hot extrusion dies for copper ond other 


alloys 
©@ Furnace parts for conveying hot metal 
e Supporting pins for enameling furnaces 
° Bushing ond shear for guiding and cut- 
ting off hot rod 


KENTANIUM 


is the exclusive 
development of 





LATROBE, PA., U.S.A. 
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Meetings and Exhibitions 


NATIONAL DISTRICT HEATING A: 
SOCIATION, annual meetin, Ashe. 
ville, N. C. May 23-26, 1950. 

SOCIETY FOR EXPERIMENTAL Stpp. 
ANALYSIS, spring meeting. Cleye. 
land, Ohio. May 25-27, 1959. 

CANADIAN INTERNATIONAL Trap; 
FAIR. Toronto, Canada. May 29. 
June 9, 1950. 

AMERICAN SOCIETY FOR QUALI 
CONTROL, national convention and 
Midwest conference. Milwaukee 
Wis. June 1-2, 1950. 

ELECTRIC METAL MAKERS Guy. 
annual meeting. Springfield, Ohio 
June 1-3, 1950. 

AMERICAN SOCIETY OF REPFRIGERA. 
TING ENGINEERS, semi-annual! meet. 
ing. Kansas City, Mo. June 4.7. 
1950. 

SOCIETY OF AUTOMOTIVE Enc 
NEERS, summer meeting. French 
Lick, Ind. June 4-9, 1950. 

AMERICAN GEAR MANUFACTURERS 
ASSOCIATION, annual meeting. Ho: 
Springs, Va. June 5-7, 195 

NATIONAL ASSOCIATION OF Pup 
CHASING AGENTS, annual conven 
tion. Cleveland, Ohio. June 12-14 
1950. 

AMERICAN ELECTROPLATERS Soc 
ETY, annual convention and inter 
national electrodeposition  confer- 
ence. Boston, Mass. June 12-15, 
1950. 

AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS, Oil & Gas Power Div. 
conference. Baltimore, Md. June 12. 
16, 1950. 

AMERICAN SOCIETY FOR ENGINEER 
ING EDUCATION, annual meeting. 
Seattle, Wash. June 19-23, 1950. 

AMERICAN SOCIETY OF MECHANICAI 
ENGINEERS, semi-annual meeting 
St. Louis, Mo. June 19-23, 1950 

MALLEABLE FOUNDERS SOCIETY, an 
nual meeting. Hot Springs, Va. June 
22-23, 1950. 

AMERICAN SOCIETY OF MECHANICAI 
ENGINEERS, Applied Mechanics Div 
conference. Lafayette, Ind. June 22 
24, 1950. 

AMERICAN SOCIETY FOR  TESTIN 
MATERIALS, annual meeting. At 
lantic’City, N. J. June 26-30, 1950 

AMERICAN SOCIETY OF CIVIL ENGI 
NEERS, summer convention. 10 
ronto, Canada. July 12-14, 1950 

INSTITUTE OF THE AERONAUTICA! 
SCIENCES, annual summer meeting 
Los Angeles, Calif. July 12-14, 
1950. ; 

UNITED STATES INTERNATIONA! 
TRADE FAIR. Chicago, Ill. A 
19, 1950. 

SOCIETY OF AUTOMOTIV! NG! 
NEERS, West Coast meeting. 10° 
Angeles, Calif. Aug. 14-16, 19>” 

AMERICAN CHEMICAL SOCIETY, 
tional meeting. Chicago, Jil. Sept 
3-8, 1950. 

NATIONAL CHEMICAL EXPOSITION 
Chicago, Ill. Sept. 5-9, 1950. 
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se Stainless Stee 


wld HELIARG Weldin 


@ Get more information NOW! 


MAY, 


Trade-Mark 0 





“Heliarce” welding a stainless steel water tank for use in rail- 
road passenger coach, Welds will need no further finishing. 





THE LINDE AIR PRODUCTS COMPANY 
30 East 42nd Street, New York 17, N. Y. 
(or your nearest LINDE office) 


Gentlemen: We would like more information on Heuarc welding 
We manufacture. ....ccccceces WOn os Sa Ske aeOls cc cees 


(Product) (Metal) (Thickness) a 
Ye are [] (are not [)) now using inert gas-shielded welding 


"Tt 


ease send me literature on Heuarc welding (]) 


OSE cls enls ban ta0e €p2 eae ¥ oon POG 4 eth osevteee a6 
COMPO), nd 'TW> ow do cldc dec cbcebe coleine Ms eeeee + nbleue 
UP cakeades oi enntee eoeeere + Cannel eee", scaceens - 

1950 





Switeh to this 
Combination 
and Save Money 


Build Sales Appeal with 


Stainless Steel 
Get Clean, Fast Welding 
Cut Finishing Costs to the Bone 


Switch to the “Heliare” process for welding 
stainless steel. Welding is fast, distortion is 
low, and there is no spatter with the “Heliarc” 
process. No flux is used and you save clean- 
ing costs. The welds are so smooth that many 
articles need no grinding or finishing at all. 

Switch to stainless steel for your other 
products too. They will have added strength, 
longer life, freedom from corrosion and better 
appearance. You build sales appeal into your 
product when you weld stainless steel with 
“Heliare” equipment. 

Get your free copy of literature on 
*Heliarc” welding that tells about this clean, 
fast, worry-free process. Just fill out the 
coupon and we'll send your copy without 


obligation. 


The word “Heliarc” is a registered trade-mark of 
The Linde Air Products Company 
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Are you thoroughly familiar with 
the superior qualities of ‘“centrifugally cast’ high alloys...such 
as these cylinder liners, for example? 


Centrifugally cast metal is exceptionally uniform, close-grained 
and strong. It is free of pits and pockets. It is capable of passing 
very rigid tests. And the practical advantage is that as long. as 
there is a central circular hole, almost any outside shape can be 
cast. Some of our customers want their castings centrifugal even 
though considerable boring and other machining is necessary to 
finish the piece. 


We recommend our centrifugal casting service if your require- 
ments call for the characteristics outlined above. Our high alloy 
foundry is modern in every respect and staffed by metallurgists 
and foundrymen of many years’ experience with both centrifugal 
and static castings. 
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THE DURALU Y COMPANY 
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BOOK REVIEWS Fs: 


EANOI 
L MILL 


Casting Design and Production ILLIAN 


FUNDAMENTALS IN THE PRODUCTION AN) 
DESIGN OF CASTINGS. By Clarence T 

arek. Published by John Wiley & Son; 
Inc., New York 16, N. Y., 1950. Cloth 
53% by 8Y% in., 383 pages. Price $4, 


ED P. 


The title of this book is a good descrip. 
tion of its contents. For the author js cop. 
cerned not just with molding, pouring and 
finishing procedures in the foundry, but 
primarily with the relation of casting &. 
sign to economical production. His prem 
ise is that the design engineer has the 
dual responsibility of designing a part » 
that it will perform a certain function and 
so that it can be produced with the least 
expenditure of labor and material. 

After considering the general features of |W. 
the various casting processes available, the 
author discusses in order: green sand mold- 
ing; foundry sands and sand control; pa- HMROY M. 
terns and related equipment; cores and their 
applications; foundry production equip 
ment; production planning; physical and 
metallurgical properties of cast metals; 
properties and uses of ferrous cast metals; ip NT 
properties and uses of nonferrous cast 
metals; melting of cast metals; and cleaning 
and inspection. His final chapters, covering 
design for economical molding and design 
to eliminate defects, represent practical ap 
plication of the information presented in 
the earlier parts of the book. 

The reader should not expect a foundry 
handbook. He may wish for more detailed 
information on the effects of varying sand ublish 
composition on the castings produced. Cer- va 
tainly the treatment of casting alloys s His N. 
somewhat superficial. However, such it- an of 
formation is readily available elsewhere and Hiident; 
is not essential to the author's purpos. reside 
There may also be some quarrel with the crete 
chapter organization of the book. But thert N 
can be no quarrel with the overall useful: - ‘ 
ness of this readable and well-illustrated nyabl 
text, which provides the engineer with 4 ears, 
clear understanding of the problems to be His. 
considered in designing a part as a casting 


Other New Books 


/ TRANSACTIONS OF THE ELECTROCHEMICAL Society, 


T. Fi 
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N\/\Vorume 94. Published by the Electrochemical So- porati 


ciety, Inc., New York 25, N. Y., 194°. Cloth, 
61% by 9% im., 429 pages. Price $7.00. All to 
papers presented at the annual convention of the 
Electrochemical Society, held in New York “Y 
on Oct. 13-16, 1948, are included. 
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